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fOUltlatrlfU ~ OUTCIOPS or fl£ PIIDI PAL& 
(UPPl'I ·.cafflCIO•J OP IOfti a&IO?A 
z~• 'I •. nuon. .Muler o:t ~-• 
~ •l liha 11_.,. ahal•• ·~·Cn'l&Ceeu. 14 
tio~ aai.-. .aJ'e .poep,N .. f.ato . ...,.._ ollt-ffOp --~• to• 
~· or .a .... ,.. '11• .. ~ lcnrrnan Ceaatr. 
:.~a coaty., l~v,w GolmtY •. aolltJleFll .~ ti••• 
nort.l1•rn Ste,._. U.:ver. t:aval.l•· Cotmty• au G:raad ,one 
Coimty ..-tw.ora. 
Tll• Rralfl &lea •"P •• ta t'Jle •111mern Jltey~ 
U.ver aeclOr haTtt bM&. AMlaned ,...1ou1y lo Ill• 1Iiobrara 
rona$1on ey.,. Wl-...UMI th• Pldff ab.al• 'bf oa. wri1}or. 
The oQ,•v _,...,... di.......S la Ulla..,_ v. ooatd.deNd 
to "4et'in1h17 llene ah.ale. T!lne lt.Mlol.octc md.te caa 
be; r900gnihtl 1n t!M 1....- bttda ol ~ Pi.tll"N ln ta• 
Caval.1.u Cou&y •••• Th• ~ unlt 1• ,r.bab17 U~tto• 
lo&1Nll1 etpd•alea• N \h• -..... Spr1ap ..._ ·et the 
Pl·•ne ~ ·'4 Jolilb. Dakota 84 U.• '9ab1aa ~ et lh• 
Y....S.lioa llY• tenaa~lon et .Jlaaittok ue& ~--. 
it.ra~~ . .U:r h:llb.•r 1• • utc whlcn..,. lte equlv~ 
tle· \be e&rata .~ the aouaera s.., ... liver MCtere Th• 
M#IMt ail ,....1•• the ·~h• W. ol Maaito1Nl. Tta• 
beds et tn• aortaen SheJemlfl li v.- ad lttlt$-.. coua&y 
s.ators uy possibly be equated to tbe Terandrye and .O.Qrey 
members. reepec~lve,ly. o~ ~he Pierre shale ot South Ilakot,a. 
1n aqm.valerit or t.ae Ilk Sutt,e tl9flher or the Pierre 0£ dOuth 
'oakota ext:C1de 1ttto tbe ~• Ccunt:, uc·t.or 1n ?forth 
Dakot.a. 'the strata eapoaed la the ~n Count:, sector, 
although lithologloally 8'mllar te those oft.be~ 
t:cua~y aaetor, Aft' probably older• aat:S may be eqatvalent 
to t.be .Mobridge 88ilber or tile Pl•rre ot Soi&h Dakota. 
i111cro--,1u containing rcftlllnlte-ra were collected 
trom aiz ot tbe aevu ou.tcrop aectQn. S.vent89A o:t Ute 
NfflPl.M ware obhia.d t.roca t:b• ttaown Ptene shale .and 
nineteen ot tbe aampl.es were collecMld froa tbtt strat.a of tbe 
southern Sheyenne liver aector. 
The aatcrotamaa indicates that the lower Pierre .abale 
•s depoeited under coudt.t.1ou 11h1ea may nave been alien 
to calcareous pnera and apectea. Elepoait1oc ot tJle upper 
PlerTe waa probably 1a deep -~•r oE Q.Ortaal Nl1n1ty. The 
strata ot th• southern Jheyerma liver aector •• probably 
slowly deposited in r.latively deep water, away f'rorm ehon. 
,mere dil~tion bf' terreetlal rt"1era waa a.t a td.BimlD. 
?be l'ol'M1niter-a described conat,at ot aeventy-su 
sp.acie.:,. u-ranged in thirtr-lllne gen.era. ·Two· specl•a are new. 
Faunal analyMS 1ad1eate t,;hat. the ft.err. ot lort.h Dakota is 
equlvalant 1:i -c• to 'tbe ?aylor aQd la.YUTO groups. 1a part:~ 
ot tt.• lw.t :Coast •tat••• but doea no~ :PY•· • clear ace 1n..:.i-
ea~1oa of 'the strata ot the aouthero Sbeyemie rttver sector. 
!he vrl~er le lmlebeed '4· m.. ,. ,. 1lollaad. Jr •• 
Ma ac1~,1••• tor lnlU.ally po1n1,c et& 111.e val• e£ • •• 
ot \h1a .,,.. r4r. Yolldd aided ,..,..eu1,. tt, otteriae 
bia ideft8-• U.S.alaaee ad edvle.e· durinC all . .._. ot tu 
atwi7. 
Dr.. wtlaoa •• Lat.rd• ~• Ceolocl•t and Mead ot tbe 
Geoloa ~' ot ,h• unt'Mftltr ol rtertb n.aou. •GS• 
patei th• ,rolll•, prodtled •• lacililtea ..S la atadytAg 
aad photognphiag Ike Ponatat~era .llfld attorth1d the wrl••• 
the oppon-1c, to !lave . _. aaplo7e4 bf tile lofth Dakota 
S~t• Geoloct,cal Sllr¥8J durtq tlte ._.... o.t 1956 and 19S1. 
WbUe- e11ployerJ 1>F the lortb- .~ so.ca fleoloeical 
S\lffflJ 1n 1957 ·tJae wit.er· aa•tsted :ra-. John a. ._...troa a 
·a tie14 party noae parpoee 1, vu eo llak• a pN11ataary 
•tm1 ot the Plene aal•· or-.~ Dakota. ~ng Ibis ,1me 
the WS.t.ei- ·bad the oppo.-WJitY to col.lee~• n\llbar' d ...,ia 
tor td• OWA preblea. aa4 • pereoaal knowledge at tbe looa&.ioa 
ot th• otttonpa ot ·UMt Pl_... abal• la lortb Oalml& vu 
caiaed• nr. s....-roa clf.lU'ed IIMY ,upleKl.q Pf'Ob1- ot 
~ae probable atra,llftl.Pl7 ot the M:ern nale o.t lortb ~ 
tor tm1ch lho ID'lt.r 148hea ~ apr'MII bie pa~ltudlt. 
'!!1• wi..ter ~~~ hie vU•• .toft'81H. tor ...s.aetng 
hia ltt ·~~• t1~ 1ft Sapl111llar ot 19S6 wb.en ma~- o~ the 
...,i .. tor laia at.w.l7' vere collected. •• aleo belpd •Um 
aay ll~gle tJlla.p Aftd. IJ1MMI lbe paper. 
!tg:RU.I aClM.b!J41 
In lortJt Dakota Ui• Plern abale _. d\lPHited ia 
all portioae or tJI• St.at.e except tbll soataeuleftl corner. 
wh~re lt. waa dlaer aever 4epoe11ed or reao:v.t by pre-. 
Pleistocene erc>aioa. I.a Iha .. .._.. pu1 or lofth Dakosa 
tbe Pivn la overlaia by late Cntaceou ad ~lary aedi-
aata. btit 1co t-be •at o~ 'tbe Jllaaovt U vv • Wbere it toNltl 
the btldrock,. 1, la mantled by· glacial drift... Hawver. 
ntlll8rou -,..urea o~ •>i• Pterre _.. pruet • ...-rally la 
road cuta amt. rt•• Tall.eye o.t the eotlthwea~ ... -amd aortk-
eaetera comus. ot th• State. Mon sca~teNd o'ltcrops occur 
along Se&Yer CNek Md. t.be SU.atl01lft U•v ....- U.ntoa. 
fallou County. and ,tte Yall•r• of' lb•, .... liver near Juu-
town. !tu,aaan Coat,~ and· ghe Sb.,.,_. liver in 9enaon. 
!ddy • hlaoa. Ortaa. Steal•• aarn... ad Jw· Collllt1•• 
A atqle. iaola•ed· 01llorop u located ta lbtt Y&llJty o.~ th• 
lorth Snmcb or the !Ul't,le liver aear 11...,.. Gl'and Fol'ka 
Commy. 
Most; ot Mia OtlteftP8 of' tb.e Stale are gaurally tao-
lated and .Np1'9Nlll atratlpepb-ic ...-,.cea 1 ... Ulan 100 
r..-.. Th .. • stra-.. o~ appann~ly \ID.tEora u,aolosr. _.. 
dter1cult, M> corr.iac. troa ••• Olllorop w aaoll\er. coa-
Mquen~17. lit•~• b.u been*>• to se,ara•• 1M Plern or 
1 
2 
lort.b ~oca tat,a lttmolocic llDiaa. ,,aaiu.Uoa of' tit• var-
towa ot.$oro,a, baa.. howvv. d1aalo..t that. dUf'_._~ lit.b~ 
logic \lnita 0£ the Pierre abala cu be ncca;nt1ed. fhia 1a 
•n 1"-tll1 trea'f.i.ed 1n ta• aee1:1oa •• atntigrapby. 
1!4Ql&fouila oE ta• ,PleJTe ab&l• or lertb Datoea an 
aoclaratt•lY abWldaal la loeali.nct aff6&, paPt,1ealar17 i.n 
JJJle•~•• •ooaerett10!k18' la th• apper ,at. ot ~• Plene ot 
lolllUt (Ltonard• 1906, P• 11 amt laNa, 1928. pa 16) and 
!Imtona aeut.1ea (Plsbv. 19S2 aaci' c~, 1956). Si.Agle 
epeoiana. 111uall7 •·• luln tMNm, :toad ,t,:, ,ne 
write 1a at.rat. ucr the base ot the Pierre lA Cavalier 
Couat:.:,. ?he writer kaow ot' no att-,t. t.o eone IU.le Pierre 
aha1e o,f lortb a.ilk•la baaed on agaloulla. 
~cro:toaatla are ooaa14enllly acre abundant t,ban 
11eptos.U. ia the Pl•n. 9hale or !ol"th Dakota., lien, the 
t1,ea er atcrotoaslla. ttaova ,o t;b.e writer. 1acl.Se rorur1n-
1r_... ladiolar1a. apoap aptculea Md Oe&ft&CClda. It. vu 
hoped that,• atlldy ot ~ PorMdatt'va ~ provide a buts 
rrw, a .auceeutal aenatlon ol '" PS.erre, Shale oE ?io~b Dakota 
and 1.ll.utn,n lhe atn.ally to u.ie Ple.rTe ot ealcanoue. 
btltt colored •vat.a that crop OUI la tbe valley ot 1th• 
Sb-,._. u •a. !Toa lonb Ytdley c1,,. ,11.ftMs Coaat)7 and 
e:diend eotat.h •• Pon· 1aaeoa. lan8oll C.ant.r. Ia th• ,uts 
lhflae 'bed• aear lerln Valley c1,r ••• Mea ,aui_grMld to a.-
U.• tm• :u .. ovara. tona~toa (Leonard.,. 1906. p. 69 Md lratl, 
19S6) or 1m• Pl,•l"N ..ie Utlsaa. 1942. P• ,,2>, ttotb ·u,,v 
Cntaceou 1n a~. vb_.... fdallar bada aeu Port ;laaaotl bawe 
3 
bees desipa.ted ae part- or t.he 11obrars toraattoa ( Qiaa •. 
1942• P• 352). 
Er:1J12a.11u1s&a1,• 
PoftWIUit.tva ot the Pierre abale ad i,~• ••111 valuu 
have tMaen etudled. la, tile ,a•.--· no knowa atagle Ater-
•••_,.act u a~ tort.he 1de'1ttea,ton or these 
toaatla. Putleular11 le t.here an ab•eae• ot 11,_. •. ,_.. to 
lfJbtcb. one ay N£er tor• 41..,..len et the leftlldnlf'en or 
tho Pierre ebale ot lerlb Dako-.. Pl'ebablr Vi• flOft 1aelu-
alv•• noel• re.terence t.r •• Porn1ntlltn, •.t .it• W,,V· 
cretac••• ot _._. lorlb Atlui..u t• taa.t of C-*aan 
(1946). 
In. tm• papen of'~ (.1929). Morraw (19)4), 
Loetterle (19)7}. Bolla (19S2)• ad a~ (1955) ...,-· 
a,ecs.• ot Porald.nttara ot tale llobftlra r_...t.ton are d~ 
aCl'iW. 1n ... ..r_..... Are eiW laaea•••· a allllbttr ot the 
.... a,ao.l• a1ao oce-ur 111 th Pierre nale or lebraab. 
(nt•u-tcb• 19Sl}• SoQCb. 'i>altota (Seu1p1. 1937. 1934).- amt 
lol'tl\ tklb1*. 
Several ,-pera on '8a FonaSattera ot liha Upper 
Cretao..., ot M.Ml-.JJa. luiult.cll.,.._. and ~ Caaada 
uw Jaeea •Ueed~. !he ...tv la nteft'M t.o T111.i1 
(i49o), c ..... (19171. Md ......... (19)-21.. 19)211 and 
1941) ror ,ha "8lllh at .... 11.- iaYeaUca~ioaa la Ilda 
t1eld. Ia 1945 Wlekttn4ea ( P• 49) '1wllP~ .._ atcltrc JIOua-
t.aiA tanta•ton ot laak•~ aad F..tUUIOba. heta llbleb 1M 
liaud row ...,, ••• wa a oorNl&M•• ot cu Pierre ... i. 
RriHtl 48d tir.......s SU'b.,.. uw apectea .-4. oae maw vvtegy 
ot 1:0ramtn.1tera . .traa lmt· ~· ~eou ~ ~. 
thit n..nt. lid of' - :t.. tr. '19"" tor-
-~ 4-: tlle ~ Sal_. ,..... ..... .,. ippUa 1A 
19).). '&en .• tff'lfNtr1- (193;7, P• ~) fliUIWlNd, cat tsa-
eed -.lve ....,, .. t.OII tu ·~ dlalk7 __. et' ·lhfa 
Pl.effe 14 --~. ...... .. ........ ........ Ia 
1937 3-riehl _.. a Ulbolocie -aabdlrlda '4 -. Pl .... 
ebaJe or tehe 8N08'l llffl" Yallep ia Soutb. -~ an4 
11!1&84 .._ ,-.au_.. '.d 1lba YUloUII· 11111ben. I11 193• 
he~- lined ad P11l"lial17 deUelW Iba· oee9ff880• et 
th• ~.teN. el~ lully aaMMI' o~ ·the· n.r.. la louUl 
~--...... . 
?he writer ..... ot - Jl'fflo• '8aed,U.uc ot 
rOftld.m.r.-a, .rr. 11a. M_... lbaltt or ~ .aauu. i.1a1-
.ta,.: an .also lukine• low•w• £abt4 (lM• P• 1S) aohd 
·that, '•Nld.at..ten ... -.................. ~Ofllll&i-. but. 
1~ •t.b• Amllllll _. •• ,,.,. (?) ,,,.. •• 
mtl!U at DiS r988DII 
Aa d&Hd pndo.ullF u.. Pl:e.rre shtale ot lorltl 
·~ crops .-. WR1aUy tn \!le vall-,. or rtffl"G. ta 
8akota may be divided in••..,_ aeeton iba~ laelade all 
the npoataee et Pl•rre llbale. Below are tile leoalitiy de• 
aert~1ou .z ~he• ..-Ol'IH 
1. ll!!na 9a!aalt •Mt••Ia '11• ~ttea corner ol 
~h lakok :talrly ~,,. ~ ot' ti.le 
n.....,.er ,wt ..... ,o u •\• lJowllaa eouacy· Net.or. 
la hcNad4ld on '11• wu& . , UMI· lorch DallOk-Moate.aa 
l:71order. a11AOU1b o\ltCftlPS of Pierre -,, be lraced 
tnt.o ._tana. Tb4' otiler llsll-a or th• Plfl'N o ... 
c...- in tllia a.8or are tOftled by Ille aortllem 
Mp or T. U3' ••• th• aolllhem .... o~ T.1291 •• 
and •• ...._.. .tee or· a. 106 11. a.re .,_,n .• 
ea11.,. ·Ute· .... , ...... on .... QOl'lh. ,, 14'111• 
lean, CNllk. &lore Wide •••--1 • .-..,. oceur tn 
T. 1)2 1.,, I. 107 W •. lelwaa LUiUe 8'1anr c..-
aad \he aorcbera ltouadau:7 •t ? • UO 1. outel'Op& are 
aearee. ftae wt·ter aowa ot tw· 111Ma1a ·lhl• _.... 
a ... .,,.., tile avta.oe J'Oelat ot the no.ua..-... one-
; 
qUt.,r\C' ot T. lJO r •. , 1. 1-87 Y,, and lhe wa1em: ou-
lh1r4 :ot ,. uo ••=• a. 106 w • .,.. nevi, all ot 
M.,ern abal• ~bat -.lhers· ~o ~ na-.. ~ 
aioao fftt lci•• ~- flat• occur eaa o.t Vte .ta 
bMT a, tar d· tile tti:tltt M1llll0Ul"1 Uver, u4 ~ 
iAt.e. •••· l. •• ,. 16• ..i 10. ,. 129 •·• -a. 106 w. 
The prafll.c-1 ~- of ltDfA ot Ibo Pl_.,,. .,._ 
.,.,.. a ~ ·.ao.aa. Gount;y .._ur •1' k .i]i 1:u u 
~v -.a lteunduf oa tile wn .• •lorl.b Dakola lllh• 
tWl7 i~ on••,...-•. taa loU'-tl .9aicotta bo1m4ar, • Uta 
-~. _.. t,be. ~en ~ ot lcnnan Coll'd:, 
•Use• ....... 
illlal SIJ11U 1•ll£••I11 - eoa~,. •• VfH7 pad 
su\l•• -ot Ille U,,.. ft:.,,,. 1• leeat.,9i'I on a.ner 
CPNt. ta .,._. ~. Sl:i, sat. -eac. 11. 1-. 132 w •• 
:11. 16 w. ,. abcA& -•• atle ~- ot Linton. Mia.or 
outcrops ta a.aou eo-.1.1 an lo.ea~• tn road ttat8 
-ca the aoutb aide ot· lorch natota rt~ u .• ••• 16,, 
t. U2 1 •• a. 76 "·• a~ \llO allee acn&b..at ot· 
~- ,an4 ta~ val- •t the Ml~ Uvv. 
~. u •. ?. 129· ••• 1. 19 ••·• about. ft:nt . s.1 .. ftOrlh. 
or ,ae·solllb Dato.ta ....... 
1'11&11119.talX mtRC•~pa •~ ene ftena abal• 
la~ Com1•7.are Ualt..t to•• vallap of -th• 
Jcaee 11..v ..i. n.,.... cnett. ?be writer iMlll aever 
o~ "'°" or HPl8'• cne&. ba ••1 haY1t bHa 
n,ol'Md l>y 1:retl (1956). •~• oJ: .i . ..-ewa ..,,..,._ 
;. 
7 
al oaero,e AA be toaod .ta~• Yalley .r Ute 
J.,,..., ~ .. tft'l'a J4M8'owa l>aa kt aeo. 36 •. T. 
144 » • ., I •. $5 W. A .eatrly a~ ~
uon 14 .-.,..,. ..,..,.. ta • ..,_.. ee r ... 
~ o£ tlbtcb NO• )6• T. 142 I.,. a. 6J W. b 
Ille ~Mtn-- Nelia.a. 
.-ha a pos.t . ..,..,. 
one .u. 110~ ot Valle, Olt.y •. ..._ Ceuacr • ...att 
'° ,-_._ ~ ...... !c.e.-,, •........ O\llOropa .~ 
..i. ~.· in. Iba Y&lleys or u.. ..,._: UYW ..a 
la._. road out• oa ttltlle elde ef ·lfle Mt.a valley. 
The ~-poQp et odel'Opa 1n Ulta ........ 
She,-.. llv.- NOt.or ta loea..S 1a ••• '• T. 140 
11 •• a. ,, v. 1NII ,au., Ctt.y • ._.ts. -.. lalihr,n. 
·fiame8 c-..y,. \lW OllhrOpa U'e - ~ ft 
tr.he ........ aide ol 1M' au,ew ,.u-,. ttu~ be-
'1leell, h~ ad Pon lea8CMI 9ft oecu••••••• ue 
• tbe eu1H1m atde o.t •• val-le7·· !.be eoal. IIDt&b• 
9ft _,. • .-. ,4· naa la loca•• la a ft8A1: cu& n 
~ aol'lh aide 0~ a CO\IDlr l'Oad• SI!• NO• 12• T. 
lJS ••• 1. ,, "•• oot& .25 ail•._., et,-,. 
lw.. Th.e wtter .._ or oo -.i. • ._..,. _.11 
f4'11U ..,....,. 
·ild:lWD -ld;&ull: ·mltl,••tb• la16tU . ...._ 
voi• ..,.._._Ula~ lb~·..,... t,oa Iba 
~ a.,_.; NC&w. lerlb ~ ..,.. laUhlU .,._ 
8 
t;be Sh.,.... IS.Yer and ....... tNe ... 2s. r. 
14& 1 • ., •• St w •• aboll\ ala Id.lea M1lt. ~ eoo,.... 
to•• GPt&P Comar·, 1'0l"lll. 1e aeo. 1,,, "• 1,0 1., 
It~ 60 w •• ~. 1W atlea wal-eortrMleat et hkln. 
leleen Coar&y-. ftlh.ia tlda ... •£ OISON'9, ,-. 
Sh•,wn_r.w, Uver awlap ta• ·tae ..... pan •t 
s,-eei. e~y to _,. .. .._ nale· la ..... JO ad 
.ll• T. 147 1.1 ii. 51 w. fo tb• wed· of' Pekin ta• 
••....,.. ot ebal• bu._ .... nat~. tall aood 
~; oecw wllbla '*-· Port tot.tea l:mlian be• 
ene.ll•a Sn T. 1.50 '•• L l6 If. aatil T. lSO ••• I. 
6S w., Eddy CoUdJ• OlttW _,...... laeluded 1n, Ut•-
BO~. lhe,uu M•waeetor are road e-. on tit• 
..- sit:IM fl£ flatted Stall• u..-,, 211, •. sWl. a.. 4, 
r. 1,0 1· •• a. 66 •· .-.. a. eoanty roatt,. "'• sec. a. 
"· l.SO 1 •• a. 67 v ...... ., Gaunly. Pat'lber veae. a 
atagle apes-. • the ...,... llver .. _.. ta aee. 
141 T.1'11 •• a. 70 v •• Jeaeon. Comrc,. Aft taoJagect 
oa.al'O)l lneladed. in tbe nort~ ~ ~-. ta 
a a.11118 -,o..-. ..... vab1• ;r,.._ lo.Tlh !>alo-ta iuat,l• 
-, 1• IVc• *'• nc •. 26• T. 151 I.•· 'I. 60 W. ,. 
lelua.. C0.•7• 
SAv&UaE JlamX f.lllK•,.ia the· arc~ eomw 
ot .1~, Dalco:ta ~,. er~ Pl,~ are~ 
1n Cavalier Ooatty-. A ._. •~ apoavu aln at•-
ift Vala ao-~1'-• TM• NOto.r,. &a• aa~.uer ~., 
uc~,. 1• etal.1.- ,o t!he. otlteN& la tnar1' t.tte ahale 
J 
·9 
cnpa oat 14 -tl• ~· ot rlvwa &114 -14 ~ 
outa '1'£&1' ..... - vanva. The n-ven &lore 
wnt,u. lb• Ptene aaal• ta -,oaad ant ~h• Ut.ltle 
~th-1•ldaa -. ... •• Pttabiu iiv.r. t.ha Lt&sle 
-;o~ ,-htJla at.Te» IIMt- !Oftl'.MI i1Yer"' ~ Iona 
:Jr•• td ~ 1c1t unw. tbs >!1ddle ~ .r 'Ille 
Puk U••• .ad t.b:e· &iva;h -~- ot the fuJc MT•• 
":'h• ..,. • .,,.. ... -- ..... ~ ..... h ... ftffl"JI 
il~- .,.. u•enat•,_. •1nama now .u"•u ...,. ... 
~ ot the ,.._ ~t (a ~-aolllb rldp 
ot c,.....,. rocu riabl al>eYe t.h• Lat• Aguals. 
Like plaia on lhe·tta!JIJ. Shele ONPJ otlt ta-~ ... 
areu- -.tly u ,. 1se :11 • ., a. S7 ••J r. 159 x •• a. 
S1 v •. ad I., 51; v.1 !. l&) M •• I. S1 ••I mN T. 164 
i •• a. ss- v. 
·~ -.-Thill i'IOlaMtd :Olltorop 
••c-.1:" Sa: ftPNlaled a,, a tw good .,.._.. ~ 
.Pt•rJle *-1• JJl '1le -~ et the icrth: Brit.mm ot thfl 
Tvt.le 11•w la aeo. ,. r. 152 i •• a. :S6 w •• ~ 
, ... C.."1"• 
The • ..,1e. 11bl.a u.va ptNWe4 tie ~ FOl'alllaltaa 
an 4£Art8QMd ••NC ala ot t.be .-...p ........ &IMP1bed 
abDY•· TheM .. tbe ..... Coa.a7,. ,. ..... ~,.. ---
Coma&:,. auutdMml ..... u ..... aor1aen Aeyeane U••• and 
~ Count'J ....... . 




A. ~I.~: t~ &boft Utile 'h&YV Cftelt• OUI b&t.alc 
........ :IIOl/llh bafttt rd Ll~~l• haver C'Nek,. Dl .• 
sec-. 24,. T • U2 1. ·• I. 107 w.... Bowan. Co-tmt.7• l.orlh 
Dakota. oout ,., a!.l•· -hwet ct Auw>1'1m .• 11.,. 
Ca~f'• lorlh Dako,la,. 
L ~a•r-stx r.-, a-..vw t!ttle 8aa?ff- ~. ~\-...tae 
t.be.,.. •locality&. 
c. vn..•-h•lt' roe., &low the -~ o~ ~\• Had. 1A a. 
road --·~ 80\dh .. ••• .e •• ,.... a.kt• \ttrN' Bil.u 
~ ot' -.~, Dako'la ~ 20. lt~. •ec• 2. !.-
1411., a~ 64 w.1 s, ..... ao=~1. ,_.... Oakok. 
a. 71~ r.- aboff the ... .,. •E lhe NM. ~-
ine ._ u loeality e .• 
1. 31:Geen. t~ &boYe 1th• eant.er ot ~\• .road.. otherwlae 
~- .._ u 1..i1c, c .• 
r. Hve aa4 -~-- teet abovtt ~'l• •ltt ..-.m Nil 
or the n1.lroad bnete a'bo.t tt,tty rard• _.. or the 
o'ate:~. -roafl ·811t m, tile east aide ot t."le road.. Slfi. 
••·• 9, T. 140 fl., I .• SI w •• • 1S ld.lc, ao~ or 
ior-.k falley Ci:ty . , ..... Cotiltlt.:, • t~ I!uot.a .• 
o. l.iae-~ aboT• 'ta Ni~ iraou •. othuwi.a 'ttle 
..... localttr r. 
1. ,our1•• t..c at.re• lh• r.~ ~neta. ottuarwlae 
th•..,. u 1eca1s,,. r. 
I. tip,$~ t~ aJmv• tbfl ~ ~-. ~•• 
tb• ._. •· l.ooalicy , • 
( 
Lt 
J. ~,:.y.nve r .. , abo:n the ra11.roa4 ,n.ce. ot..iier-
ld.a tu ._. as looallty , ,. 
,. ?veaty~ frHrC_ at,o.v-e cae, railroad t.ftflfm• Olbm-
•• -. .. - -- lpal~~,-.,. 
L. 1;u~7-t?o•· r..-, -~- ••• railroad •n.o1ea. otJser- . 
.... t\Ml .,.. u 1ooaltl.7 ,. 
H. ThilOf' ...... lt. 1.- all,v• twbe ratlJNH&d lraC&ll,• OINr-
wih Ill• - - lMallty ,. 
«. I111.enal .1/1£ ..,___.. oE O to S t•,;• road ••• ...-
$1de .t road,., ni. nt. aec. ,. r. 140, •···• a. 51 •·• 
al,o\ll. .• 75 Id.le .~ .e lortm fall97 Cl,•f'• 
-...-... ao.-,. i..c;• ~. 
o.. t~ of'· .,..,. fd· S to 10 ~. ~- ·lh• 
--. .-1.ee.ue.y a. 
P. !~al of _,.,..... ot 10 to 1.5 r..-. olllefld.u th•-
._. .. localil-y· •• 
Q. Ia~ et· ....-.. ol lS to 20 t••-• Olbewiea I.be 
---- .. ",----~·,6··- .I-~ - ~1!lllt, .• 
a. :trm"""1 fft' ..,.._. ot .ao ~ i, r .. ~. -~- tke 
._.., 1ocaU&y 1 •. 
s. Ia~ ot .,.... or IS t.e )l r.-. ot.h«'llt" lkll 
._. a8 leo&Uly 1··• 
,. x.~ot..-nn~·ousr.-.......... ...-. 
__. slde Of' ...-. awl• Iii•, -SN• 9• T. 140 I., I. 
SS• ••• ..._ .. lllle -~ ot lorla fellaF C1•7• 
~ ~F,. IOl'tib ~ 
IJa,....i or ..,..... ., , '° 10 r.-:. ota..._ .. -uw. 
... 
-... aa ,1ooa11,y r. 
V. Iatarval Gt' -,.._.. 0£· 10 t.• 15 .t~. olber.t• ~ha 
~ &II loaality T. 
v. !at~al or ...... . f/4 1s le ao t••'• otil.arl!flM ~ 
OUte aa loe&Ut,7 T. 
x. ltt~al ot -,ea-. ·•I 20 '° 25 t•t, oltltlllttlse Mle 
..- U leeality T,. 
t •· Ia~ ~ ...... et 2S to ,0 tee,. Cl'1terwlae '*• 
._. • looalitr f. 
z. Iat.err.i o£ e&pc8W. er o ,e 32 tftel.. roa«, ••• •rt.a 
aid• ot ft&d• nl. •• ._ .• 12. f • lJS 1., &. ,e ·v •• 
a~ .2s atl•· . .- or , •• , au.om • ....._ ~,,. 
aortJi naa,a. 
u. Grau ,-.i... Rtad Cflb .• ~- aid• •t ktrlb .~ 
!tlgbwa:, ,. •••• .... a.. ,. 161 1.,. a. S7 w. • at.e1& 
1.s atiea ,.., .:, ·~. Datcet,a ~· ,a. ea..uer 
t:otm,y,, ··~.· ~. 
n. ·112~val et upo.-. d S ·to 10 r .. , allove the coa• 
tact. (·tt. top et the. ruty. oztdiae4 sou) ot t:he 
~11ol\MN ·.ad n_.. tONat.UU:. ••MP. eta tMulk ape. 
a-ve. el,ota 100 Tard.a .~ or ·~ Ton.pa llv•·, Uh 
0£ \h• ol4 ~- c...._, Plant\ •. •Bi. ne •. 25, , • 
. 161 ••• a. ~ v •• ~ Coaa:,. Bol"lh lalcol&. 
CO. IA1ttr4tel ·fl _,..,.. ·Gt 10 to l5 t_,. .• ,,. Ike eoa-. 
-~ o~ -. !flobrara Md Pl•n-e .tol'Mti._ ........... 
tc• .,.. • 1oeal11y II. 
no. ~rval ot ~ of 1S '° 20 taet. above the . ._ 
13 
tact or tta• m.o1,ara ..s. Phfffl: t-...t4·ona• o,~ 
viH '1\9.· ._ a8 1...i.1:1..f il'I• 
mz. In~ ot _,..... •t 20 to 2S tfM!d abo._ I.he 
ooa\aet. or ._ llobl"A\lft, *'4 n. .... tonatd.oaa •. 
... erw1 •• ........ l...u.~7 .. 
"· I~ ot ...,.... or 2., to lJ ,..,. altft'e •h• 
~-- o~ Iha M~ ud Pl_... 61....UOU• 
o~ the w u 1-oa.11,,. a. 
00. Grab aaapl.•• aloq ~ l~•t.ea• .. ...._ a 
tfttmtar, to the Utt,le ~. PeblM: llY•• 18Jlt• 
..-. !4• T. 161 a.. & .. St w., abo11ll J.,.j 1111• 1141fr111• 
wet: ot Olea. e-.U•• ~"' 1onti -. •• 
flt. Iaten.i .t:roa 170 ••· 160 t•11 ·IJel.ow t}ae IUl'tae•• 
·an1,a11 Stalff 0eo1og1..i a_....,. '"' weu. uoa. 
Loom eo..-y. Ro~ 1a1co1a. 
tx. I11~ ot _,.._.., ot o to 17 tettt,. road ••• *181 
d.de ot ~ltlt"4 a-., .. u.-,- *• •t •. ••• .... '*'• 
·t., 150 1: .• • 1. 66 •• • abou.l. aoc ,.... aout;l\ 0~ ·tbe 
Sh•JWffl9 ll••r• !fcki1 .,._F• litorl!l ~ 
JJ. hte.nal ot . .,..... ot O •• 85 tut.. neep e• -*· 
_,.._.. 80llUI aide o,· leaYff C.Nek• Sellllft """• 
aee. 11. T. 1)2 ••• a. 711 w.,, ~ .75 .U. . ...ui-
_.. ot uacon • ._ .. ~7, Iona .Dakota •. 
r-· 
Aµ Ute ... ,1- .... la Ible·-· ........ ... 
..i.w .• ,. a...... At. .._ ol ... 1...ia,, ..... .._ 
............. '° ... u.. . ..,. lad ....... ·'"* 
-.a. ....... p1 ... ~ ......... -,,.,.Saal~ 
ot ft•e teal •. _.. lbM oell_.., ,.__ Ille· ,..... la • ..,_ 
·1ata 1 ........ ._ ·U.W. wn a ladlealloa waa Ill• sbale 
.. b&dl,- .................... ~ - ....... .. 
... ._ ~. lno '8le alulle. !h •.nt.oal 1 .... .i ·""'··· 
a1111J1- -~ 1a .a.a ••• wu a1ao alMn& ft.ft ,f.-. 
All •·--1a111aa _.. .... wlli'l ·• ._ 1-Yel aa4 ,_,.. iactk 
..,i. ...... .,,...._WP .ftff ....... 
TIMI· -.Jor pcwlloa·•t V.· ...,iea ... ~- la 
lhft lint aaU -el ._,._... al 1SS6. ~ 1dlS• 11• Ule 
Wllff eelleehd --,1• boa lb• Bo11naa a..tt.y ...... (lo-
ftl1U. laid I)• arawr Coa.lJ' ..-.. (1"alt&t• C to I)• 
ad• "'"'°" d ua. ... ._ fl'OS-. ..-.... ..,._. llww 
MOier (locaU.i• r I• NJ. 
~ tile fl1·11w •11951• .U. ~ 11.r UM 
..... rtahla 11&•• Geoloaled ,._,. la a fl•U ,_.,.. Ill 
.... • ,..u.s..., .._, ., •• n .... -.1. •t 1o..ua ~. 
u. .... r...a • .u.- .iau...i :,-.,1 .. ... ........_. 
:rw..iatr..._ 1bu9-WH ~- t .... io..i,u. 1 '°, o£ 
.._ aoalb.,. ~-aver aeftOJrJ loe.U•F 1% ot Ille· _.... 
14. 
1, 
era Sh,e7•xm. liTV ~, aa« loealit,7 QG or~• C.vall• 
Q~'\1ll't1 ..., .. ,. 
I_a ~ or 1957 U\e wrl'4r .... ~ t.a Ike 
C41vaU.. C4J'l.11R7 ,lfleltff and co11eel.t aurpl• fro.a loeall• 
11.U Al t• 1P. ?h• NadllUI: 1811p18 (lMalit.7 DJ WU 
ob~ t'Na •h• .~ ~--, oE· th• 'lbtvval'l.-1 ot 
lort.h Oato1&. 
ln ti.lie l&NNt.or, ~ ........ or ·tn.e .... le• N-
ttllln4 -~-- taat., YVt.t ew t.Urtdaal --,1... Ia all 
.... ~ ot t.h• •"'1e - Nt,a:l.,d tor ~---- nl_._ 
9IJ.08 or la,,,..~lldta. ·~11 •• uat•• SMPl• to 
.. A ao. Th•• ~ WN •haply "'*• 1• ut.v 1n pore._ 
lain ,aaa ••~~. atla 'Which lhef .,._ ••·---•• w.l~ • 
'Pl'ff • tbn• a 200 _. d•" to ....., .. the clay. ·the por-
~ioa or the uaple, 'tb&'I 414 •" •• throueb ~h• sieve vu. 
pill, on paper h!dlll '° • .,. 
Other ._pl• poNd •· ,robl• u, ttter- 4id Mt, hnak 
d.olm. NS.1,11. !lie ...,, .. troa looaLt~t.• .l ,o '• lA. to ,, • 
II8 ucl JJ lall iaM lhl• ta'lelOPT• They wen t1nC beUod: 
tn .-..i.1a pcu. a·a. ,..,...~ .. o.t aso ,~ ror .... 
~ hoe. To th,a flfNI.Mi eamplM ,.. added SW4f&rd ao-
1"'1cm <• *1" olaard..na nmc1J. ta 1*1ok. I.be •..i- ,.... 
.uow.t \o Mat tor abOai, 1.wlv• ~.. At._ Ute· aoeliq 
,-tot& th• hod«LaH aolt&ton _. QttMittd amt •IW• vltill 
.,~. _.,_ 1',-..ttbl .,.. petala• b~- ,.11 .... 1faa 
~. lext, tbe ---,lea . _.. boiled up ,o etgb.t. haara. or 
r 
l 
~1,il. it. 4PP*flAU t.ha~ aH1t. or the ater.1al hacl 41.~ 
&&t.Gdo I~d14tGly· &ft;er • the aamphw wrf't -~ deved • 
•inc t.11.e ~thiOd dea«rtbed ahoYft• .a4 the· port~ec ~a.« 
h:, ihe •i.••• .- allowed, to d.r.,. 
Sie'\1tt1;1 •~ ot th\1t.-.t· ·St&&aa s.tev• ...t• Meb:aa 
2C,, )5, 60:j, to., 100'• aQd pus. wer• ~- to Ufl""AI ~~ut: dry• dia-
~ept&d aaa,1•• 1:tito au atn . ,...- .to.·_.. ot ,tcldag. 
?h~ •i•ved ,OrtiCAS Wft ~ ... split ttU:.a • rd:uoa,Ut-. 
tffr t·sepor) ta~tl e ~ ~-e _ ..., .. a Mtda cev.,a:ring ._ 
the ~tt~,. ot • a.as tae!l by ;.so !11Ch paplll" pt«kt•tf ~i-a,. 
Th• 7onm1~4ftl ·were ftllOY·-1 ti-oa: \he piotiQC ~n7 with a 
•i•"~ &oubla· O ~ .bair ~. ad• \ramsleffM. I.O ,aper 
alld•• that. liad 'bea eoau«. with .- tiiqaca11tJl ealutten. ?o 
t.11• ·tn&aoa•h .aob;ll.on had •••n: a44e4 a dNp ot .torqle11h:,da 
~ pre••'- tlt• to~tloa ot •lt. u4 a di-op ot oil Gt' elavu 
to aaat the _.or ot ~ll• tonald~\ya. 
The 1Uustra~1ou ... ~ by the wrlta. A 
pbotold.¢rograJ>ld• attacht1aa~ (Ld.ta t$Mi~) waa subatituted. 
f1or· ti.la ocular o£ a aoaeeular d.o.-oacope, to ~ph. IAle 
a~aeM. .la ebJ•·•l•• vilh a powz, o~ 3.;x wu U1lhld tor 
1.IO&t f4 th• ~-. kt tt- ,as n~ to •• o obJ.e-
tive "1\b. a,..._.. ar a •. at tor.-. .. er the ...U.. -,..taena. 
A aloroacope illw.d•tor f1Mrleaa 0)*1cal c.....,, •v.t.....i•l 
na ued to "t'lrnlll'l th• llahltnc. TIie du!Nd nla.t.i,re d.ae, 
o.t 111Uttt,rat1on waa ot.tal..« t,y elueiAC• •frlaLa ot· tacit• 
nd-1 •,ee1MnS wr• tan ca 0111, ud •~ on paper '° 
ton aas,.- plata•. The ~- pla*• are pbtAepapli_. 'Id.~ 
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a 3pe8d lraphic ~A aild the aocativs ··waa .olvsed; to th• 
g£1M.'"Udou ~.n itt t-hia ~· Th• &e1a1al nae ot the 
a~i~s;-• gt-,:a:a fflfier tb.e 4ce.cr!ptiotl8 or the a,ec1-••• _. 
d~t•~:ieil 14th. ai1 eyepiece alc~r. 
r 
" 
It le not, Ille...,.._ •t lb1• ,_,., 10 cltd,d• -:• 
PS.err& abale of lorta DuOk 1BIO 9'ft•l&NPbi• at••• _lau-
eftra. a ..tat dleo\1Hloa ot Ille bia\ol'f or, &Rmdlnalo.n ~ •• 
Piere a.bale aDd 11• 111!lologle .... .i.... ot adjaeea&...,.. 
nems tn p14ce . .,. •• dotta aa ••tta,o '° ~ .,.. tH.•tactiYe 
lltholo;le alte •t "1e ftfh"l'e ta lorlb Daltok •• llthologlc 
Wllta or nearby area• ..... appU.eui.. 
Tb• Pl.em ab&le wu ..._. to11' . .,.._.. near Old 
ro~ Pierre ta eltael' Aul-v or h&lbU C.111117., lotlth Dallota. 
b7 MeN ·aAd. 11ayaa in le61 (£Ut tlllltarU• 19111• P• 16S7). 
ltlo maJ•r aabd1Yialne ot the M.rre ellflle _,.. aule ••U 
19)1 when U.lu aubd.lnded \.be Plern ebal.• ta Walla• Golm~y,. 
lanNa., propoatcg ft.ve 11D1U r.. •h• bue 11p1 Sba,oa $prlnp 
and leeobv Ieland •••Nr• 
Thia • ..., N-.d "'1.....-.1e • aotilff lat.eNat la 
the st;nUcra,b.7 ot tae ft.•rn ...i.. tor a.a.tab• (1937) 
tollotted wtfth a tl•• llGllber 41Y1elon •~ •• n ...... ebal• .flt 
central. So-1\ Dako'4 ...S.ng Ill•~. 311111. 'ftl'gla CNelc• 
Moltrld.P. aad Ilk ""''• ......... Be tirf'•nntttdM ~· 





~ ~ha '3ull;, ~er la~o t.k• ~1 &.~ala( ..... by w. s. 
h4hll •. 1930. U.f&i S.ea.-tghe. 1937. p. 8}. the Oaeot&a .... 
s&?!d ~he V'•~• "4• • \he 'top., 3aar1gtt~ ~17 re-
claaeUid. u4. ftt.d&flAN \be~ 1a 1938 a1td\ 19.39. Ia 
19)8 ha, {p.. 1.31) adopled a OI.Ul8 tv tbe lower· at• ol t.htl 
~ ..._. us.as IUa• ._.. 1baroa Sprlllp. Seuipt 
( 1-939. ,\ii Grlea- aa«l. lolbroeJc.. 1941. p. SJ laler cl•ll• 
aatled lower and· .,,_. ait;8 •~ lh• Sh41'0a Ip~ ...._., ud 
auppl.u~ th•,_. llobn.clge wlU.. Ut• t-.. IftWlor. In 1941 
Gries-~ «ot•e:t (p. aJ r.._.. lhe um Xoori4-. Thay 
Crandell, 1950 







Crow Creek member 
Gregory member 
Sharon Springs member 
( 1,u. ,. 9-1.S) a1ao liattfd '11• ~ Sprlnp ...._., te tthe 
lover ult.• rad•.thecl tbtl .,_....,......_to- tao1.se, &tarilflt•s 
..,.. 3haroa Sprlap ef' 1939 aad ~ &bet '4C'II Crow 
c.-.- fort.a•· old~ *4le· or tAe Sully •• __... In 1942 
ertes (p. 11) ~ tJttt ~--- J.geaey aacl O.aeom tor the 
el4 oa.eoma ..... 
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A lttll in recluai£1cat1oa 0£ th• Plern shale ot 
eeftt~sl 3011th O•kota was 1-at~fld ta l9SO when Crandell 
c1,so. p. 2.34l-2J4J)propoud the neare:, .-ber tor ta. 
Ageaoy-.Oacoq, son• or 01"1•• {1942). and raia.d •11• Crow 
C.Ntek and Venmtrye uit-a 10 aeaber atatu 4roppiag lb:e iera 
Stall:,. S1noe 19SO no Nd.ttat1toa ot t.l\e tens ued 1n cen-
tral. So•tn Oakota baa be• made. 
ill of th••• ume .....,._ are aot preaent 1n wutem 
South n&kota. 1>ut a li~lqio eqldvalet or the Sharon 
3prt.ngs suber or cflllt,ral SoatJ1 Daito~•• th.e Mt&'tu ... ..-. 
is reeoptaed and kt.wen th• JfJ.1:&.-0 111911bv aod liobrara 
toraa~ioa below,. a soft. ebal•, ot que•g1onable ace. wn1eb 
th!c.kena to t.he nortb1'Ht tro11 a tw tul aear the l•braska-
!outh Dakota border to 100 .te•t near the Black .!ill•, uy 
represent I.be a .... a ..._,, o~ tile PiCTe anal• of northeast-
era «,omi:ag arul. •outaeaatera Moataaa. C'Tourtele,. 19S6, P• 66). 
Tourtelot (l9S6 •. P• 66) illuatrat.ed IM Gamon...-..- as 
about. 400 .reet th.let 1a -the 110rt1Mlrn. Black 1111•. wh.-• it ta 
overlala by the Mitlon llellber. 
In Coloncto Ille P!.erre aha.le, sooo-aooo reet. 'thick 1n 
the toot.hill.• ot lhe ,::roa; ·aup (Gritt1,,a,. 1949. P• 201S). 
con.tonaably ov•rl1ee ~• lllobran toraa,1on and 1• eoatorm-
ab-ly overlain. 117 the 1oz iilla ....Sstoae (Ont-.rt1.t.a. 1949,, 
p. 2011). rear major el'4.ot the- Pierre abale or Colorado 
an racogai.aed ·b7 Grlrf1t:ta (1949. p. 201)-201.J). Tbey are 
troa. ~• ha•·• up: The lharoa 3prlnp aeaber,, • .,,...,,.., ttlaoa • 
.ttu1l•• t1aely lud.nated aale Id.th aaay 1 ..... ot ben&Olllt-•• 
21 
the wilola 400-500 t .. t th1ck; \be Itu":, aoa•• 41Ylded into a 
lower Wli.t of' dark ahale and aa upper aait ot ~ • .-. gray 
shalet the Il7plne .... ,eubdi,rided into tour unit•• the 
M7geiae uad&o••• the 'tU'f7 aaad.~oae. the lock? ilidc• aaad• 
•"'n•• and tb• :Uc.ba1'd eand8'ona; &Qd. t,ae ?raaalt.ion .,... a 
audy Shale. the vr11-,. hu bclud-1 th1a d....a.pt,.toa ot lbe 
Pierre abal• ot tlolondo to show td\at lh• Plen-e interval doe& 
aot onl:, eabrac• ahal••• but.- alao Nadatoaee la eoae areas. 
lorth ot tbe Int.eN&tloaal ic,l'd..- lh• • .,. Pleff'e la 
ao& waed, butr tipper Cataoeoua •nu.~ era,•• ta 
Jluitoba aad Suka•clulwaa have t.en eo-l'N1&1*1 t.o the Pl&l"NI 
shale of the United S·t.at.••• IA 19JO Uric claulti«t the 
Cnt.acoous anal•• or the Manttoba 1ec.,.,.ent.. Shoe th1a 
pa,e.r la concemed wltb Ila• PterNt sbal•• \he- f'ollo.S.ng ..Sia .. 
cueal:oe- o.t !t,lrk'• ~lualt'icatioa vlll only 1aolud• tne Mda 
tha~ ua possibly Plarn or uaderlylftl 11oltrara formation 
._ Yalont.s. 
Urk (1930,, P• 12.)11-~I) llll'Ole that tile Vermilion 
Rt••r bed•• dar-k. carboaaoeoua abal••• ot th• lidlq Moua-
tain area. litb.Ologloal.17 reaembu. Ille !lo.._e. and~ 
beda of tha Peab1u Mouataia ana. ad Iba"'· the aea•nl upetrt 
ot th.e t...S.la .rollftd ia lbe 1emtllon 11 ver 1-d• W&8 •t11-
1e•t1·"• ot lat.t Pt.em as•• fioweffr• lM (·p. 130) da'-1 
taat, de.tiatte eorNlat1on o.t '8e *>I'd.ea be4a ... aot 
ponlble •~ ,na• ttae. ltn (l9JO. P• 129-UOI) did_. 
aseuredly col'l'fllale the 1nt-•n1e,U1,a~•• lftJ', ealeareeua 
Boyne beds ~ the P8*lna :roanhln aNa to tbe lloltrara tor-
L 
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.uon. bttt attJCri.1*1, thea .. apaeklaa. caleanoua abaloa 
cCN1taim41 • alCNEauaa tJ1a1; 1'1eten48A '1lo\lll10 _. 1J.1dlo-
a'ttve ot the,..,.. Taylor or•~ of ?aae. !he Pabina 
.... .-.en1*1·::bf' nrt c1,,o •. ,. UOB-lllB) u drdt aoa-
oaleareoua ohale Id.Iii tbiet Mnda ot lddte,, benlenlt.to clay 
ta the lewr JU". wre ooaald...S a ft.em 9flaf.valeal. 
-· I 
Kirk, 1930 Wickenden, 1945 
Pembina Riding Pembina Mountain 
Mountain Mountain and Riding Moun-
Area Area tain Area 
Odanah Odanah 
beds beds Riding Mountain 
Riding Riding formation 
Mountain .Mounta~n 
beds beds 
Pembina '"4 Pembina QJ 
beds > member Verntl lion ,...; C l:t: 0 
Boyne River .... Boyne c~ 
bt:ds bed-s 0 Al member ..... s 
.-4 ... 
Morden .... 0 Morden e~ 
beds "4 member 
"' > 
Assiniboine b~ds 
Keld beds Favel formation 
Uric, (1930. P• 1241-USB) ~- th• ·term. lidlng 
Mouotatn wa rw llell•· ,.,., to o...ta 11117• ~ ..... 
o• abalN 141$.b -~~and· breplar bami8 of 
ll'Oft•kme• The Odaaab We•--, tty Ty,reU. 1n 1490• were 
eoulG81'tN Q" lirl (1930• P• 1268) 18 be •ooutatMa 1A t.heir 
~.- - .... rilled 1ae aala ... bard. lll'lt:11.e. 
al~~l:, sil1·Meus,. dark p-aetliab p,q When we and Uatt~ 
steel or sl1gntly .--n1all. ~ ..__ 4'r!• 
Ia 1945 vtckenda (·p. JJ) revtaed &irk•• eluetfioa-
t.1.a aD4 coutdeftid t..~• ...... ·ao,. and. hlddDa .beds t:tr tba 
Peab!11a JkJu.at&UI &Na aa ....... or ta• V...tlloa uvv tor-
af.loa. allholilb ahe ,_.baa ••~ -. Suladttd 1leata•tve1y. 
a. (p. 42J Slated that. -· ao,- ...,_.. CGldWJ.'18Cl fOIWllnl• 
rera atmt14r '° tao• dellerlbed ··~ J.oecteri. .fl"OII -1*& 
r!iobiws t~t- -or-~ .... --- mlr&sua. 
w!loaG -,...._. •tadloatee ~-_tdlb. •• Htot>nra et 
tile· Unlt.ed StCIM.• The tiding -.ta1a lortll1'loa waa tbeugbt 
by Vlckend.en (p • .t.9) to, k eqal•aleat. ,o Mi•·Pl...-. &bale ot 
ta• nonhem Untoed ltali ... aad llrit'a (l9JO) -Mam Odanab 
was diaal.llNd ae a ftfttipapdc ~ by Wt ...... n (194S. 
P• 48) Wba be Wl'Olel 
•••it ..... pro~ble 1-bat, IJUt- Odanat.L 1a ...,._ 
ly a pe.culid U.tbo.J.O.ll-O pbu• ot the ltdlllC Momma.la 
beds. For tl\ia reaaoa \be ... &idla& Mo1a'fiala ta 
"'41aed 1a ttd.a r..-,. tor, ti. entln tONagtoa and · 
t.be ~-- Odwh ia -.lo,-t cmly in- Nterrtnc u ta• 
hard ,,,_ ot aalfl Wl~lliA 1\c • 
. tilt_ l1aD JMlt It_ Ilda laall 
In WOl'lh Dakota. tb• Pl.wn ..i. cw«U• the- fta-
ltran r_..ttoQ,. ~ ot th4I 11~ tOftllt.ton la 
~'-'888t.er8-~ ~. ·ea• CaY&ltff Couat,- eeoier. eow 
it to be a ll&bt PBl'• blgkly ~ ahala Uua• wea~ 
'1\ltt on -,o..-.. At 'the- ttNl&lllt.le.a oE Illa llo'Wan ud 
?!flft"e tol'flaUoaa is a . _. of._.,.. atd1Nd -.i• ~ 
t11'9 f'.Nt WlLok a, Ille top ot tJle llobnlft t'.._t.1011.. f!da 
oataised 1,ranatiloa sane cu INI obaerved a, Cb• uu _.. Use 
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old Concroto Ceilell plant. along tbe Toacue 11••• NEt. ac. 
25. ?* 161 1 •• It. 57 ,. Th• aectio:,. ._.ure4 tty tile ·•ri:t,•r 
ot tti• P1.tttte beda above the mddlaed --. ot "bis localit.:, 




Total ~1.olen.eaa ••••••••••••• 
\. ""<i 
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L1'1lologicall7. thia untoa•iliEGnu akale 0£ tbe 
lower P1•rre la 1.b.• Dayall•r Cotat;f nc~or appeara" lM 
equtvalaat,·t,o t.he SharoQ. Spnnp --•~ ~ Sou•b O&ko~a and 
the Pnhina aeaber or '11• Tenlltea tiv,ar toraattoa ot 
Ranl~ba u.ct SUtatrcha,aa. 
Above tllia basal umt. rd*• Pi4U'N and• 1,a lhe 
C.valiar Colmtty Netor th1KY•tl10 fnt; ot --,. greeatn. 
not.1-caloanoua '° ealeu'801UJ shale wre oltHntld aloq an 
1JRerratt1cen, 1.rlb\&al'Y t.:o tbe. tst.•l• Senta ,..,1 .. liver, 
••· 24• r. 162 1 •• a. S8 w. The uae~ fflagt•lb.1.p er t.a ... 
be4a t,o '11• lower \lft11, et t.be Pltll'ft ls =t. .... t.ta u~ vaa 
•t.abUab.ed by altlaehr f.bat.. -.., ... s~ra'& lie abolll to"'yr 




1ntare•t1ng -to note tbat a atc.ro...-pl• .ma tn•• IMda Cl~-
cali~y OG) J1.•ldatl specie• also tOf&ftd at 100&11~1 .. , tor. 
The evidflftee is ••tT seanty. llD it ta atlgPated t.hat; Mle 
beds re~ a caleareot18 i11h.-,al ot the 101•11• Pierre 
ahal•• lfhicb ay be.et;m..Yalent. so t.h.e calcareoua 1:tra'411 tb&I 
crop out, in tJie aolltbe.ra ~ u-.e ae~o-r. 
:t-.rd. platy. a1lioeo1111 .We. Iii.th~. saall. 
limoaltia and. bema11-11e •oone!?"SUou• • 1a wll apoaed 1a the 
Cavalier Couuty uc,or la a 41teh ca the ea.att eide or the 
road 1a t.be sw,. sec. 19. t. 162 1 •• a •. S7 v.: alao about. 
ttrty yard.a aoutbwst or lbe bridge gnat.CJ10eeee tile ttcrth 
iraach ot the P.-k atver,, fft-. aec. )a. t. 160 s., I. S7 lf ... 
about balt a mile nonhees1i ot Milson, Caval1.rCount.JJ aad 
in the steep cut bank apoave along \he Solltb ~ or-the 
Park liver. IMC. s. T-. 1SS_ 1. • a. S7 w •.• Valab County. 
Tbeae· hard, a111ceoua bed.a appear to 1'88allble t.be ~· 
beds ot Mani~ba aa deecribed lty llrk (19)0). 
Tbree 41at,inct1ve l1tholosl•• can. be ncoptnd ia. 
the Cavalier floun~7 aector. Ov•rlytng t.he llobrara. tormati:cv-1 
la a Witt or taterbedded. dart. carbonaceoua ahale and thin~ 
cr~lor•4, beat4m1tie. el.aJ' la,en, overWA b7 • way, 
Sf*Gem.ah., caleareou 8Aal•• toUo...a '7 a hard. pla~y. 
a111C410ll8 snale. 
?h• -,osurea ct Ith• '1....- attal• la tJ\e ao.cJlai,a 
Sb.,.._. ;liver sector w111 not, be diacuned 1n·dflla11• u 
the, do 1101. appaar to na..a,.1• uy other Wll~- ol' tba Pl..._ 
8bale ot Jortn Datmg.a. Rowe~. ~he aiCJNtaaapl• troa 
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leoality II cocta!Hd abliftdaat ~· sptow.n. anti because 
Searl&ttt. {1'9JIJ. P• lJ?) noted that tb• Verendrye 1181tber oZ 
tile P1ern abale near OaeGaa. Jrule Oount.1. South Dlikot.a coa-
tuned itskeatal ,art•~ eilictspGAlla.• It le .._..,.a 
,u_ aoae oE the ab.ale 1a tbl• .... ,. aay Ma correla·t.tn ot 
tne v~ aember ot llMt Ple&Te· abale or Soutll Dakota., 
Ia '1le St.1&1111a Count:7 aenor an goad..,.,_ .... 0£ 
olive crav. nn11e. ~c ...... 8bale Id.lb ..... .. 
layera ot ~l.orvcl• 1>emtonitrle clayi. ,_ a few locali-
~1•• 1n tbi• en·t,011. pantcalar11 1A Ille SW!• ••·• )5. T. 
142 1 •• a. 64. v. •• the 81iale .contatne olllldaac. ,..,Uan iron-
... .....- c011Ud beddiag pluea a114 Umom:cio •coacret.1..-. 
lreel (l9S6} deaer~:.d· tb .... de:poatu •• •• .PIPfl,l" ·thln 
ntallle depoeit. ·or a mtural aillllal' '° ta·• - ra.ner-
al UAPtdte.• le. stat~d ·tu'I. t.he •Odaaab• oeda of' a.,11eba 
eoataii'led mattgantte~ous ttteoaontiou''• and optaad that the 
~VO tYPe• of' *'CODff9t.1onst' were aitd.l&r. :I• abould be Mtaed 
that, th• uqan.eae depoa11a and •ooaont1oaa• la the nrat.a 
or the StutMIAA Count.y sector may indicate atpd.Y&lency ot 
·tnue W• wittt the hGrey •811b•r ol lh• Herr. allale ot 
Soulb. lakota. 
It is pnerally aee·eptad tha~ tJle atlale croppta.g ouc 
1a.tn• ~ County ne~or ts .. \1ill 1,e the nt au&~• Udt.-
or the Pierre abale ar 3o8'tl Dakcna. Ia iaoaa Couat;7 
rial'lar (l9Sl, P• •> at.awe \.ba~ •although a to :t...a et Gh• 
J'iObndp uy occur ill '11• lowet. leqla aloq 1ma MllNIOllr.l 
liver ••t o~ tbe 11·ff'l'e abal• 1n the COlllltT• aad •at cw .. 
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td.al.7 that srotm.d. Lit!toa, tw.1anga to the Ilk Butte . _bar.• 
3-.ri&bt (1931" P•· ~)) u~ed t.ba 11k Jutte~ e>.t the 
Pi.r~• ahal,a c:! central Solltb. aatota lato the SOUU14'm ,or--
t.1on ~r tor-t:h !l&kot.a• ·ta• .,._.n. Co••Y Metor. 
Gndati,oaal eon1ac·'t GE '21• P.t..ne aule utJ tbo 
~Y•rlJiag Fox :Jtlla !'ol41lallon., present. ta Souill. Dakota. -, 
a1ao be -baerv•d· a, seeaan ,as.'. •. a~ _.,.. ot a 
rd.le ao11ttheaat ~t Lt.at.oQ. ta~•-· C.utttly --~•rand 
aleng Uttl.e lanr Creek 1n lb• Iowan County ROI.ctr •. il..• 
though ·th• shals or lb«t•· two aeeiKin 1.a U.t,hol..oglcally 
al.1kep that ot· t.h•· 1'owaan. Couaty nc~r fJ&1' an IMI ~·•al•t 
to the- !llt agtt• ~r, ot the P1err. in South Dako'4. to•• 
a!.11£.roJ.ta lbteateno •·coacntiou.-· aear ·tu t.op of tile M.ett• 
•1•61C U ttla B4la••r Creek 1ft ltu, IOWll8ft C.uney aactor poafd.-
aly indicate tbat tboafJ bed• an lttholo,ct.cally e¢valen'1 
to t..'ut ~QtJrl• saber· or the Pltlfffl abau- 0£ lk>Dth tlatot.a. 
tn •~dt a.aila.r ,oacrs:tt•• !\ave bNn .tellDd. 
In iort.h Oakota. titan. the at.rat.a ot I.be Pierre abal• 
·CU be ·t.enta•1vel1 correl&wd 01 litholoa ,o ·tn:lbdlriaomi ~ 
tu Pierre shale ct other areas. A probabl• e4ld.Yaleat of' 
the ~n Spr1ap .. ._. et ttlle Pl.err., o:t South Dako1wl and 
the P916,tna INllibor eE the Vera1l1oa liver ton&&Uoa ot 
*111toba -:Uld. S.etat. ..... ttl"Opl out la ·u. Oa...Uer OOllGty 
aect"...or. Aao 1• the Ca•ali.r C:euaty sec"w two· other dlattac-
t.1 Ytt md.l• ot tb.e P1efft1· ebale bav• l>Mn NOapi&N.. l'lklve 
~ basal { Shana !prlap eqm.:,alftt} 14 \hi.a eeotor 1• a 
lhtn. •al~ 1n_.,.1, atlll higher at.rs1,n.pbi.:all7 la 
i 
Some ot the ahaJ.,e tfhteh cto,a "u°' in ~~e norl.tiem 
;lne1~iM 111 ·r;er M:Ctor ay be eqvivaJ.ot t'-' tha f~aib74l 
._ber ot '11e. Piezn ot So•tb ~1-a. Ir•-aaaa1U1ae *cM-
t:re1tl$t1S11 · in ti.te b-. et ~,. ,___ c.._,,. sac,• aua,est · 
4qtd.val$.ttt:Y ot thue ~ta ,o tJJ.• lleQny ~r o£ Ule 
Pl~ aftale •~ Scut!t. ·!'JuJ)t.a. Mobrl.4p, -.vLvallU\tra -, 1-
prea4ct ii.li. the ~ Co~y Aetor .4£ ;1'Dl*..Jl Dakot.,. ?h• 
Elk .lutt-. ~ ct the Ptert-"a ~.- 1rt South ~ca ~• 
into the ~n• 0.Wt~1 saet-or or lerth Dakota. 
AU ot ~• abeve d,1HNri.lhtd md.ta are pnerally BO• 
ee:~•~ as ~g to the: Pien. flbalA ot lfonh !iakota., Ia 
a&fit1,mij, u aent:1~ u t.b•· tn:troduetii.oat• the b«ta ot t.h• 
south~ 3t1.e1enn• Iii var 11eetor ha•• ~-n ua1gaed. t.o t.he 
tto1'~ !~JTJltion by teoDJU'4 (1906• p1.1 69) and f.nel (l9S6J~ 
wbQ ~oi;a!d~tld the ~- north ot lorta V.*11111 City u belong-
f~ t·o t~a~ rtlobrara toffllltttoa. 111.lhl (1942, P• JS2) auc~ 
P.tftt)d tiia.t the stra~ -,c,a.tt aori.Jl ol: tiena Valley Cit.J an 
~ f!i.t tho Pierre &hale aad ~t cu~ cropp1nc otm near 
th~• $Guth~, srA ct t:ke n.otor (~ fort. ~oa1l an 
Aloa,i th•· ··.,_- ._ o:t tfl.• Sbef••• Vallar ttutre; are 
eq,os" &t aM-~Nl 1oea11•t,as., _,..t.&llr aorth or IO:rt.h 
Val.lay C1t.y. bada lC'tidl lhe11a 8hop. cha111e. ~ the btit'.t-
c-obred b"4a in ..-,1cm.. \4: nn:w. or .l't"tl1·a 110.-caJ.oaraoaa 
sh.a.1a:. A. ••et.1ca ta..,:~•- and d•acrl'be4 by lr. Joba a..-
·-------------....... -··--·--........ . .. ,.~-
Jirv.' ;s--,~~l above tJhi1· u~val a, tlle localit.y troa 1.fblc:h 











UM~ ~er l. ;? ~.· ) r~..,. ~,• ~· ~ ot 
~• •trau mich t.onarf! •"'' ~1 «oMtived 110:bran. b1Al 
1e 1# "vt. ~~ it tl-Atf W3ul.• ~clud·• mdta alllb•r- 4 and. ,. 
t..::iO.st lual1 ~•Y •w.d .~~tr. but. would c4mt1dar Wt·•• strat:4 
d tJ1• ·~i Pierre ot ttt1s ar.a. 'tile ·t.wo upper witaw 
wn.iott onl:, •how oae~ ~ittn-. oea~t.ic later. &N deeidel1 
~kif th•, la1tel' N.erYe shale wlilG!l ia -,oa•d at the old 
C~•t• c~t plaAt. in th• eavaliltr· t:o\lD'C1 ffOtrm. !hen.-
toN• the .riter do•• no-'t heliev·o iMita au.bar ;.. ad .S an 
t,aaal Pi•r1·•· beeaw,a 1ihe ~1 P8l't ot tb• Piern ab.ale o.t 
& wide &rUi ta 1;yplcul7 a thin 1n"v~.i oz 1nuvt,eddad1 dart. 
ea,,aa~eo.- lbal• ant.I ~loftd• beclcmitlo cl-,.. 
t.itnelo&t•all:, .• 1\ 1a 1-,a.a•U,le t.e •~1.,e \d·t.l\ . ...._ 
aa11e 1£ tlie e&lear•..a 1-'8 ?.NJ·low waits n'abff 4 ad, ; are 
1'1okraa or Pl•tir•• •l'1ltHflh lh,•Y do reeuble th• ;fiolmlra 
~~ .~tar ?ort. ~N:. as enile sact.1oM ~ by ttte 
wri~a1~ tl~ 4au ou-4 oa tiald 1t0rk ot Dia. John. R.. hrpt.l'OII 
r 
.)0 
::lli,;.:1.ag t.h,t s~•er o£ 1957) L,dicate ·that th.e same s~~ 
are cont.inricn1a :tro• north 0:t Worth ;rn.1le11 t~:tt7,, so:1..r.th r .. c; 
1&rf;- ian.S<JUl~ 
11.oet; ot ~he apect• ddol'S.Nd lQ Ibis,.... an aow 
atiact. so Iba paleoecologtc deleNlutlou ~ lorl,b are 
OIUNd. 011 1.be 1ateNmcea deft·ved. troll• the 9tQd7 0£ living 
ccat-,,.rta ot' the ,paera oecllft"lac 1a tbe .fterre shale 0£ 
Hortb Dakotta. Tb• d4Menlaat,tona an only aa ~~ion 
~o the aot.•1 ecoloa ot th•· •rsant ... dvlag taelr tt• ct 
11:ta partly because~• occarreaoe or FenetnUera la ,be 
Pierre o£ lertb Dakota •1 be mre, abUildan& tbaa ~• at.tidy 
abowa. ?be wrS.••• reali••• tha• .... ~nu. bearing 7oraad.n-
1tera WN certainly lliseed dm1.ag aaapUag. 
Th• Porualnt.tera or taia at\ld:, an c!detly .troa tour 
stratlpaphio lnt.rvala 1.11 _tom- o.t tJ.e pnvtot1alf deaertbed 
outcrop aactora. Tile calea.raou beds o:t ·tile aoulbem SbeyeMe 
liver MCtor contaJ.aed bf tar tJie crea•••~ lltllber ot apectea 
and spec~. Seace t, 1• poaelbl• to deRr!lif wae paleo.-
ecoloc, ot tills Hot.or ta •n 4e-.il than the other nctore. 
'?h• eecoad lftehtll malJer ot epeotee wn toaad ln ~-
strata ot the l'owara Cotaaly NCt4r. Tne 1..,.. DUld:ter ot 
Nd 1a the Ca•ali•r and ftt&8111D Coanty ~ • 
.lceol'd1q to llltaon (19Jl, p. 214) beatJlold.c rorald.a-
trera are~- tndlcatora ot t...,.n,un •. deptb.,, UDUat.. ef 
ligtit. water e~~ion. and· other bot;t,am eond1Uou tJ!laa 
ll 
)2 
AN ,e1acle r....t.at.t.eR. ,.,.,,.. ,.1ag1e hftldaltera 
may be alltaed t.o lAdlea&• cnber· tatoraatJ.oa. Slaee 
en. . ,.. a M• titu. »• 101> ..... 1taa1. ~ •oan ..._. 
oal:, ta..., nl&Uvely IN• r... (1) GODooal._. elutlo 
..U.~on and Cl) abt.._1, ltlllllMlal.e lU .. I ...s, 
~· t•an&ad.11·· ~-. 1t11aball1· and 
?J•11Mu> ta aaeeotadoll at.ll u.. IMntaoato toftltl la•• 
.-.u o.f "'-~ ..,_. ll•er ...._ . ._ ....... -. 
a ad.x.4 •••• at.lap. !be ,.iacte re... cald.ac CO· ell• ... 
IOll rroa Ill• ·gpper· levei. t4 •• ..w. eoapl'iH a deaeh 
... _.i.,q. ata.,.. wt'Sb '*• 1ao1;-. dwlltac 11911)1 uaeablap. 
Howevv. \he ...... ot epeeta,na ot 11!1• .pelagle fOl'aa 1a 
Vt•• DIJda are oouldered '°,..,..._,a ...al aatb ~. 
&ooleg1cally• tllelr pneeno11• ta•..,...... lo IINft \\bat-
Porat.alt_.. 4o •• liTe la 4Ullltld ._ •1•• ( IU1aoa. 1951• 
P• 119) d.,oet,1n wu •• • A•la.'DO• f'ra MON• Where 
dlluU.oa by '-•ff-HUal riftN wu at: a alni.alll. Tb• altnity 
ol: the ..u dlari.nl. ca,oa1,1oa ot lhue &Nia was ~ l'IOIWlll 
-Sou ot t.11• INlatllonto ..... Md a,-t•• .froaa t.he 
Nflll or tJi• 11GGt,tl4'1"Jl ..,_.. lt•er NOt.or (loeali~tea, '° 
W ·aa4 Z) &N pro..-1,. good depUI .tadlc... Ot tlJeft lrlMII 
ad b&iJ\l&M N7 h the aoat, -.hl. G~ (1941. P• 
190) _..._ 111a, UI• Lapnldae .... ....ii,. tmtleaUn ot 
a-. •t.er. ell.a Phlapr (1942. p. 1086). troa ....,in col-
)) 
lected ;,r.r the eaat coaat 0£ t.be fnited Statea.- atui1-.t a.a 
Arctic rawta. which sh.-...d that Llll!II was ~ ·COIJIIOD a·t 
,i•P'tt• lesa than aboia 1000 aatera cat occ~ laelov 2000 
.QGVS, a.ml \bat ~-- waa CO!IIIO'a !~- 4:JtPl'OX11Ultely 600 
~ 1600 ••ten. Th• aaaaaat occlUT'eao• of ;,,1191: od 
i&ilmaa 1A ·tile .... of~- 801&hen Shtt7erme atver· aeet.or,. 
•n•~ore. Ntlact,a alw dllp,s111oa 0£ ~ .-rau 111 Nla.-
,1 .. 17 dffp water. 
The =emoa oceurrenoe ot veaaceou forms. with I.be 
ah.eenoe o.E caleareeu .t:m:,a• 1a ttle. o-a:r allale 1n the upper 
levels or the valley of' the She,.._• IS.vu- 1a 1the ~hem 
She~ liver s.otor (loe-a11~1•• lam r) ud tbe P!«rn 
11hale or tile, C&va11ar and 3t~ean eo-.~tr, MC tore ( localltiea 
e., ,. E. and U to l'J) lm:lt.catea \hat th••• species u.d ·th• 
ability to "olerat• t.be conditions cE deposJ.ti<ute !hie dOH 
not de.tim..1011 aqgeat« 1nto-lerabl.e eond1t:iona. pl'Qhibi'tiag 
the oec~u o.t calc~ t'o-ru dvlag th1a t.lae ia'ten-al 
er deposition.. Parhapa voloa:lc a.mi. llei:RC depoa1ted during 
this tlu ot the iippe.r Cnita:Oeon11 u atteated by the r&UM.r• 
o• Mt1t.omUc layers, •Y u:n. NeJ1 I.he as•• na:,oa•ible 
ror preductag an .. ._i ttd.ne'ral ccntea't ta t:be .. aoaa. 
Th• salinity or the lffl'le:r., 1n which lb• drat.a ct' tJi• 
·upper P1ff'l'e 111 ~h• lowaan .. Countwy Qetor waa 4epom..ted. wad 
probaltl7 of aormal. croacentnc.toa ,aa pe-lagtc .Porad.Jd..tera an 
eewn in tbeae ttede. Jlao •. ,be Lapat4'ae (only one .,..1 .. 
~ i.aa1) are coamoa ·and u:, 1Jtd1ca,e ••• wa•w• 
Ia..._...,, the prtno:lpal. pal.c«,eologlc t•°'ors ladl• 
cat.&\I by 't..~• 1oraa;tm.t'L, prwsen~ in ~'\i$ at.wt7 aN aalim.~y 
and depth ct.~ ttat.er,.. The eal.careou slrata ot tbe southent 
!lb.e:yerJl8 li~er aect:or war• probab:1:r s~l:1 ~iapoait.a tra 4fNP 
wat.~ ot ~l·&l aal.init:r. lrenaceoua tormo. ta the .,,.t-
~rat.a ot t.hAt scuth•m !h.a,eM• ltt11•r aecto:- an.4 tn•· lo•r 
Pi•rN rst ~• Cavall.r aad. St1ll.-.. Co,unty. s&C't.on may indt-
ca,t;e abnonal eoadtliOJm ,411ri.ag depos1Uo.a ot th-. beds. 
Dvr!ng ~ PieiTe aedl111A&a&1on tu MU ot Ute -~ 
Co1U1ty -Metor wn: ~••• .tiftd •~ ~1 sal1n1ty~ 
'!be rdvot&UDa deeerilMld la • ..._ .. ,.... ...tna of' 
•••.-r-etx apMtt• ol' ~--.or lftd.e ._ are .... 
ar:nm&ed £a \bl~: ....... TbUP -oeolW'I'..,. aid .._. 
daace _. telv• la Table 1. Tuaa1:p ..... ,..et• MOW oa1y 
tn ac.nt.a 1.det.lt1ed detltdl817 aa ~ aha1-I tdd.-y • 
. _ apeeiee •••· oaly la tile •~ of: ...-1oaaa1e ac-
1a· ~- 80alheffl Sb•,.._ llflA' Net.VJ Md ~ ...«tl .. 
ue OOGIIOA to he1ih lb• fterr,a aad lhft be4a or the eom\bea 
&eyenae ii·t11r Aelor• 
ot ~ta•, ... ,_..._. .tfum-ttted apeciu .me the ·1m0wa 
Piel'N llbale• .. ftlll .. _.. aaat.aned to prffiOIIBly ldeat:1• 
tted a,eelu. !W4tlM .r,I th ... ••eGten apeel• have bemt 
reported .troa Oba Taylff poup 1A Wle hlZ Coaet --~ a.lMl 
eluaa ,bave Mea NPfrled fftlll lhe lla•U'ft> group. Qaly tour 
ot ••• -,.c·t• etch are cemon to \Ile. Taylor anci lffa.no 
...... .i.o OGOV· la ... older Aualla INQP· eE ·the ·°'111' Coal 
eta'lea. lt .,,.... lh•• the& lt&ia ,..Uon ot th• tmma 
•stied llldlca._ \bat\ the ,1..,. abal• ot lorlti lakou ta 
probably ..-1. ta ace. 10 tb• .~ ot ta• Taylor and 
la~ O'Qup8 ot t.lle ·QaU· ·c:oa.. .. 'tea. 
~ blNle. ~ u. ....... ..,.... llnP aeetor. pra. 
ct,ally ·tl\oae located aorta ot ~ Valley· e.i'IJ' • wiU N 




cwsaion. herea.tter. 1:rom thaM at.nca microaaaploa r to 1i 
wn coU.c,ed. 
A ooaapu'i:aon of t.be porc.ioa or th• taWI& wbieb. oecva 
only 1A the 10,r.~. Valley City lad• &o taw,aa pr.vioual7 , •• 
sari.bed tnaa tae l!obran and nerra tonea,1oae oE et.her aNaS 
and '11• !uatia• Taylor am lavarro. .,roapa of the Galt Coaa• 
a&atM doe• :aol at•• a elev as• 1adicat1.oa. !wcflY•l1Ye ot 
SH· tM.r1.1-etp1 apec:1•• wa1t!l oocv ·•nl.7 111 lh• lorlb 
Valley Cit.7 beda have DeU ldNt4tied. t.o •puiu. Blevea of' 
lbe -,.uea ha•• a lmag '1U8'tl ti•• bav• bua NCOrded •· 
cluif'ely troa. the· Xlol>nu:-a torutloa or lbe Aatla or 
&uatia and Ta7lor poqpaJ ud. eight have beea raported.oaly 
rrca the Pien-e ebale or ?a7ler or Taylor aad llaYarro p-otipa 
by'· other writers. ·s•e tbe\lilh tke ap ot theae Nd• 1• aot 
ffl4et. tl'OI& an ual:,ala or U.e faaa. 1e 1a aoted \.hat tJ'l• 
tauna ol the lort.h VaU.-y Cl'IY b-1.• ·1• ue9l1:1'ilally tmltte 
uiat or the kllowa '4-9ffe attal• ot ler\b Dakota. 0£ tb• 
r1n,-.r1ve tot.al epecle.e ocelllTlag 1A tJie aonh Yall•J" Cit:, 
bttda. only M'QA~ee& are toud 1a ~be Pierre. It ta not 
·kr.unre it tld.• tauaal ditteNnce ._.._ the lorlb Valley 
City 1Md• aDd th• tnowa Piene 1.• due 'lo llt:belogic or eco-
logical 41.tf'aeacea. 
Seve,al addlUoaal .-.ra ad apec1•• b&Te been 
reoopind 111 u. lorth Val.l•F Clay 'betla ud t.b.e at-n,a ot 
tile~ Comstr and C.aY8lier Co11Rt7· Mctora (aoet.17 of' 
tJie t-111 ... lotali1da• and Aaoltal.1alda•)• b11t lt _. aot 
poaetble to include th ... 1n I.Illa paper lteeaue ot t.1Mt 
)7 
llld.tationa. ,-_.. atad7 ot ,-. anl4•tltl.S ..-ra and 
apeeiu •r be ot •• 1a decl.dlq·the· atf1n1~t• ot tile 
1or1;,n Vall-,, c1t.r beda. 
r 
L 
Pren•• study ot t,be. ~ -.ie tit IIOfth '1Jakot& 
1'aa -... at a ldat-. ,._ earlier Wftitftl beff ...... bed a 
,orUOil ~ lbe ._.._ rd o...sa _..... !bat. Pl..-nt ..ie 
hu no~ ·lNNm •.W1n4*1., I/Ind prior 111.erota...i 8'.Uu of 
~· Nern a&ft aot. beCl done. 
Thia paper' ·*•'44 be •=-l~ an 1a~tin1oa to 
the problaa or tae -.M'11papb7 . ..S. ,aleont.olos,. ~J' 
lllonp&l.o.atiology. .~ llul Pl•n. la lorlh Datata. I~ baa 
~ poeaible •e ~- .... 11Utologlc •tu or the 
Pl~ ..ie,. Whlcl .• .,. te be csn-elat.1.- ot· allWivtaioca 
or t1l• 11.erre or ~ ...... Tb• -. .. ~ ..... _. ~ inctt-
Mtclt that tb• 11.erre ~ lol'th Datcoa·· l• .. .i 1A .age to ~ 
flt Ute Taylor ud lev.-n. 001111 or U.•· G1l1t Coaa•· ata~es. 
The relat-1.oti*lp at '11• heda ot ta• 87Ntb.-. Sbeyeaae U ver 
ff01tOr to tlM Niobrua _. Mctl':ftt r.ra~u. 1• ..,. hlly 
~- alac. net•• u--~ •. ,.. tauaall7. ,has 
,~ ...- td '2lfl r_.... N8D ~ad. The ltlefllfamta 1• 
tacoult1t11Y•• .IJtafi ~ AtillY flt ta• ad4111ona1 Poftldait .. 
llb.tcb. oeeur la \be str&U -,ond tm•dla1-l1 .... oE ~ 
van.,, C1"7 _,. 11e1p. aolft Oh• prohl• or· -. _. ol -.... 
bctda. 
)t 
AU e&leCOl'lu ebov'e· ..... _.. .... at.tally ltboN .,._ 
1ga&•.s br ·C.._.a ta bl• vartou ~ (-,.,tally 
1948) • .- -· - or· ... ..._.. ltll·vlaWII cuae.an. 
nd.lellt&m&a.a•hNn 'IO t.btt IUllelaidae '7 01 ....... 
(1947). ra'lher tJlaa \0 ihe ~1lci4ae. 1a tollowd ( .... 
3al111ell1• 1,,1,. P• 14~14' ead.148}. fbe dt....- an 
no, ln'leadad to·hcompl9q .._oi'!.J*1o. otllte IJ)Mi•• bul 






llll!a&aa dUA ._.. 1941 
Plaiie 1. ttaun 6. 
IGUlhlaa l&IM ...... 1941. , .... hleoacoloc,, "· n. 
,. m. ,i. 4', tta. ,.. 
la_. (1947) feeertlau tbla epllCl• u: 
Ten•._,... ..... .._ •pan a, ..... enda • .a.ta 
1Adiat1.net ... -~.··. UoQ·. ••. ~. t•Mrvah. •.· ... lat.• 
...i .._..broadly...._., . ..u o.cr, •· Ulick. 
~- ot: •••• olNr sratu aearl:7 ,t:::' in • 
*''• aaor,boua •-· _..__. tilt.II a · ·. · · .. · ooat-tac. 
-U·~ ·"4 t1PNd apeeiaea 0.1s ••I 
)9 
4,0 
1'Ntadt.a o~ ttcm'.t ap1e1MD o,.Js •· 
~1-Ul••t'be ~ udptld to tJll• spec1•• 
an aoatly RNylladft.oal ba ~o~ed l1Mranll7 '°. p.Ye 
Iba ..,.....oe t4 two ,...ue1. na," .... ·• ,.... ..... All 
ot th«a llava • th.la, dal'k .... i.Qa taat. vari• la eololt btea 
cra7-. oJ.aet. 
~rAia ..-,t. dttf'eN .f'roa. llliDUbSII aaa1I 
Cuat.&-.a ad ~-t. !'rota .. u,,.r a~..._ .r··eau~. 
1n k~,a auob .. 11~. laua {1947. P• )l-4) ...,.....l• 
!&ltlil• ~ t.ae .. :.a P8* aba1e ot· u~. ~ llf&lu&i&tl. · 
msia Cubllta2 A*1 au-. •. -, o.bowa. l• t!ISa&tl 'to be oov-
_... w:tlli a Nddia, eoaurc •• _.... l• r&tiM la tryploal17 
eGaWid blac:kian.- !• DIM a appu,mtl1 8ilalar go · 11v.z:-
1'1MI Msmmtndl lao• ad -,, paa1w.y ._ 1t1e . _.. •,eel.es. 
1.maza.-1a1v-. of' •• aa. Cat,.. lo. 1251. 
~ •.J• DUI 1a ---.,a at. loeelid.• 1B ud 
cc. AddiUonal .,_,.., .~ loeallt.y IE are ..,..Uoaably 
Ntt~ to ta• •PNl•• In -.,.. •• an4. teat.are thae 
..-~ ... l11ce J• .uasa. wt oai,. ",.... oE ttt• daric• 
~ an da~ble on fJI ... ...-i011M>1e -,eclmeGa •. 
lfllal&IIUII •• ap. A 
na,. 1. n.,..... 2. 
~.-T..- elfflll8W•, 0.11 ... •••d.• OplNI a boll· 
enc1es ..u ltlltiefl .• lblok • ..,.,..d .or ff/117 nu ...,.. 
eplculea ~- panUe1 ·to the 1onct•.Unal ala ia aa 
allN'pbowa •---•• atria& a. tu»ro• .,,...._. kt tile._,. 
jl .-£enctb o, ~ .,.., .. o.J3 _, 
J.1 
d:1~- at fietlNd spacriwl 0.19 •• 
~&!9J!!S!!•·~ -o~'.IMlrlat.tc ot 1-bus. 
speciee :ta tn.e; ftbrom ~· .th» to- t,,ne.leagl~udtna.Uy 
·~ aportge ap1.0111ea. There •••, 111.u. qqae11oa lhat. 
the fLlcl• spedaa, 1a t.t... ooU.C-tloa u 14ea~ca1 '° a 
tom deacrllied &ad iU..n,.a lty Dlev10b (19Sl). IM& 
ataoe 1"• a~al has a.v• lean JNDli•..S• lh• .,..1 .. 
will M ntfll"N*d to u IMl!:mM\81 a. •· .l 1a Ilda ,.,_.. 
lmJm•-Udv • . ,:4 I,. :Oal'I. Cat •. lo. USl:a 
YIIWUPU•-A -~ ~· td tM.• specie••• 
round.~ 1.Goalit.1 u. 
n. &IP• a 
Plate 1 • .rtgura 1. 
· .• ,_. .io.sa••- on.a - doac tbe 
Dial Un•• witb l~lf· s.pacett. ~. wtntlaa or eon-
etrlc1iilou.f wall wl~iah-a lblok• ecapoa.d ·oE "'7 tlM• 
cleiw a.,4 i .... ed ta a ~ ..-alt of .-• 
• ....._h of :t~ _..,J.IIM l.76 -., 
.-..dtb et tt .... . ~ 0.19-. 
aamad!B•~ ..._. MdJI. ~ioa are ltli~ 
colored flpild..,. lba·ei .-.. ott.a - lonst•Uillaa11J' 
&ldac ·tho· a~ •~ ,...u.i. tue4 ,...,. u la . -z-
&IRIB "' laua. s ... vw. J. dlSa ta _...._.. tbU 
1111\lliaa A:• ap. I-• ad ·not. 11bi." 1A Ml.or• b14 ftdll•• 
co~ ld.t.b a paylab to blaak coat.tac. 
Th.e wall of ~~  GE Nal&MI ..... I 1• 
COIIP08111d ot Yff'?. t1atl palD8 witA a white~- CWllltllt.. 
11.bitth ~·v·• ·~ ot the apae:1.u a Sldmya11ao app:1ar•••·• 
&aoamte -~~• -..11 ta ~l:t aaoo~~. and g.~~ wrtdd• are 
r&ot ail~. the qee~ .. 41t:rar,snt. tJ•• la»._ 
·ra,,au., ..... ,,~ ·~~. iw apac1- et11,aN ,ta~-
•?.Jly i~  .... 
l'h••• .,. ..... ~1c1.i.1y ,,.._.la ·the r~ 
o:1 !Mllsaa u•lfltA-~ < : .... 4.. 1,46. _. 1J • 
. _, r~ Cl9S7,, P• 2.02) a~ WM&t. tbe: t.n,ea 0£ !• 
11111Mnl1 ..... aot l•ftldnlt.-. • . ~' i.no~o. Uaont~1c 
8'i~. 
gs~. 
1'"1es J• , • 3,, x_. y-. la ad .tN. 
ttatasBVll. •P-- C 
na~.. 1.,, n.cure , • 
1. ta1r1.y toenelJ' ae111M~, t~• fora. _. 
&ff:/ o~ $,-,,1- fd· ~· .ollee\iot1• ..-r any Kb . r •,ee1•• 
~ bd t.n•r .,.. . .-,aal.onahly ~ ·to tilat. " 
&eme• Th- ua· oomd.4•M ot 111,,u •~1.11raphl4 t'alue d 
-\hia. tiM - th•il'· •• ~ .... - t• - litd.'1N. 
imU•··.iJal·•· ·-.r ,,. nu. Ca\: ...... 12S4. 
r..s.q S&oauadatda• 
• ..,. .._,. 1 11119 
bJ&da 11I'llltatfil ,..._;, 1tn 
Place 1. e1garre s. 
- - __ __: I 
43 
,,.. ·~ ... c~. J. A.• 1946. iJ. ,. Oeol. a.urv-,,. 
Pro.t • Paper *• P• 1,5 •. 
a&1:me&1••Tan tree• a elagle ~ wtt.h a ettofll. 
•~ .ueca; tae whole CIWib.94 t• a leat.:1cular a&ape with a 
coaean cen&ral ftllon1 wall *1'1a. rmch c....-. Id.th a tw 
ooane17 aNnaeeou ·p,u't.1•1•• 
.-olatiel.r ot f1gared *PHlaaa 0.33 ••I 
tb1Clmeu of ti.gtll'1td epactaea 0.10 •• 
~11•-A ~: apactaea ta ldelltied u 
tl&R&II -IBM• !ht• apeetea 1a no1l comonly 1d..a~U1ed 
1o 1.be Hewe *-1•• ·-ma. : ·t (19)7. P• ·60 and- 19)8) 
4eea- Uat 1t. c~ (1946. P• 1,, record• tt • baytq 
h-.m to~ in~ Auatln ebalJc -and· Taylor lll\rl ot ~. 
lmtra.t••Votv. or I. Oak. Ca.c. IO. 12S5. 
"•ffte_ etql• ~ o£ thta· apeclea 11118 
totmd at 1oca1tt.y n. 
Plate 1. t'tgqre 4. 
Some a,-1 ... ot ...-1onable u~ are 
placed mtd.er ~ cea•_IM._ Brady. the 8bapfl o£ l-a•• 
...-s...n. 1• ftll'lable. ·bl.a lftldu tNa eph.neal •o tlat• 
hMd. i.aucutar. Aa ·Iba Map8·· h ..-rally ~1cn4u. 1't 
ts •Ul&M~ Illa• dlat.ort1on du to toutli..Uoa bu al• 
tared -tJMa orl&tnel abape r.ora ar,aor.lcal ea l.en1.teolar. !be 
wall ie QIIU&U7· •lt'l!7 ttnely ~-- vi.th IRICh ._.,.. .• ttt& 
._. ~ \he ~ ( ... tbe· 60 sea •'- ot loealtt.r AA) 
bave a ellptl7 ~- ,_._... Abaeaee oL a aeck ou _., 
. 
ot t.be speciaena throwa doub~ on Mlei:r atf1alty wllb 
Pglflla• ievertbales•• the writer .teal• they ·aN· aoae 
primiW.ve ton o~ l'oradnif•ra .• h.ace, queatlonably makes 
tbia aaeignmen'&. 
§·<aeam.-1Jai:Y. oE 1. Dale. Cat. loo 12'6. 
2SS!&Dllf•-Oceurnacu ot th.-a doubtful toma wre 
at. loeal1Ues c. o. J,. ,,, 1a •. and II. 3lailar apea._. 
WFe tctmd at lcoality Jl• btlt not. picked. 
hmtly Amo,H.•ctdae 
6Jf!t\UMII &eua, 1461 
alilll&a . tanaa >. 1145 
Plale 1• .n.gare 2). 
~ .. - 1.£1Sa&·m (iteasa). ?risull• D. L •• 19S4 •. Tau 
tlalv. • lar. Icon. 0.01 •• Rept. Iav •. U• P• SI. pl. 
1, r1a. 1s. 
For ~:r synonymy see a.._n,. J. A •• l91t6. u. s. Geol. 
Survey. ProE. Pa,-. I06, P• 17~1'. 
PJtaa.t&l••Teet planlapiinl• both s14es allghtly 
ooncav•J: th• aeeond c~ laenud.og •er, alewl1 in diM• 
..... ad4edt wall tlbite •. ••r"I ttnely anaac•u, vitl\ aach 
c-., a,-~_.. ta. opea :end ot ~he 1tlbe • 
• -01_...- ot fl,o.u-ed apeol.mea. 1.10 ••I 
tbletmealJ ot tlpNd apaefJlea 0.19 •• 
i!JIDH&D•·Tbl• w11 tmo1111 spao1.u oeova 1a tbla 
stttdy .- aver, vdlable torm ln bo.tb a1u and ah.ape. flle 
varl&aoe ta sbape, 1A IINt caae•• la 11.kel.7 du-. Ua-
~lon. dariag !N1d.Usnt.oa. 
.s 
flm5m••:t.l.aitt. r4 N. ~ •Ca~. lo. l2S7• 
0SRIIT!IM•~Ia ilorlll Dakota A!!!d11SM .. 
1a c~ ..... 1n tn• lo~ Pl.en. abale. In tbi• atlldf i~ _. 
l'otad 4t locali·t..tee '• D. s. ,. a. a • . J • .L. a, o. ,. w. x. 
Y• AA~ :lQ. 
~lb-•-*·1"' 
fl ......... ~. var. ana e~ &ad lard•• 1924 
Plage 1, t1.guree 13 .. 14. 
For ~c,,y aee ~ .. J~ ,_., 1946. ;. a. ·Geel. aun.,.. 
~ • ,a,._. *• P·• 19:. 
0 .... 9.-Teat; SMll. ooneiating ct a proleoalu 
ad a~•~ aeeond ~r Ohat oolle- about~•._. ·ln a 
CCIIPN••ed• bellcoid ..._r •. 'becMlillS ~. to~ • 
crown at. 'the .end ot tl!e t,~J wall amoti,. white. tluly 
,arena•~• with~ c~til ~ure the open end or the 
tube. 
ttli\lHE-lkl•~~•Llh:t. of figured apec~ 0.11& •• J 
dlaetv Gt fig~ apaol!NB 0.31 •• 
~••-s•!el,~Thls d.1.atlectinr speed .. • dod •• •--
to rwiY~ ~, ir-epor-ted tN• t.he Cretaceoua c.t tbe Galt Coaa-
al&t.n. It t.a he.a. rieported .troa ta• ~pp&r CJ'CUtJilOWJ Q~ 
?ri.f.11~ .and Keai,co {Ouah•1a, 1946·• P• 19} ad thiJ Sally 
....... GS l,he, Pi.em ahale or· ·Sostb Dakoi.a (3earilb~. 1931. 
P• 60 and 19J4). 
ita?VM••UDi~r. ot 1. n.tr. Ott.. .• lo. USS. 
~,lamt1St•·'1'11a . a,...t..u le COIBUICHl at looaUU.ea J 
and t~ au bro~~-- t... loo&111tr ~a ia ..-.iona1>17 
rlPd.ly Lt,uolidae 
!DialU:l•U. c ..... 1910 
ua1•a•ldt1 •· 
Plate 1. t1pn 24 .• 
•~ ~~ tra .a.,eral ·1ooa11-
t.iea are r.etenat to· :~-UN ap. Dtaton,toa •• to 
toulliaa,ioa. ha left ~ ~ 1a peer *'tape. sacb 
t!MI• tw 1ndleate 'the .naber ef c~ ad '1w. plaa_ ot the 
...... wDich aft· t~t cbaaotert.Uu la apec.t1es u .. 
eri~!on 1n "tht• p,:aaa. The speciMna uova pada~tonal 
teat..-. tr• 1WOH·vS.lb a ttaely ...... o.ua waU 'lo t,boa• 
td.t.h a ~· wall wt~ 1.u C81lMlmt.. fheee. -.. aoa sepa-
ra,ed d &D abt~ '° do 80 Wtitl bave a4cled li~Ua 
a•Nti,~o Yaltae• 
I, 18 lSJutly lb&'I .aoet ~ ·U.. .,..,..., la Cbe co1 .. 
leo,1mi are -. or. 1W apeclu ~Y n,orted &Ga tbe. 
Pl...,_ abale. The alft ol' t.be; anaaeaoua ....... al ot the 
ncordad 07· Applla (19')., ·p• 219). Suri.lb"· (19)7• P• 60 and 
19)4). D!.~cb {19Sl) • ~ f 1'27, D&t laua. 1947 • P• 
)lOJ• ad ftekea4ea (1941» f&dt Xauaa., 1947• P• 3)0) hoe tile 
Uppc-~· of lb• ....... Ualt.a St.aNII 8114 eoalhel'a 
Oaaadal &WA.•,""'*"•·· Cl946. P• ao-211 troa ta• Oppel' 
~ ta,lor _. :la\fVl'O or cm. auit eoaa, .• 
....... . llrMllllrt•&ill. tHIBIA Cuban aat Waten. 
lL 
47 
a .to.N Wi't;..~. a r1ne1y arwoeoue. •ll• baa bea ~ tl'OII . 
the '1e1Te· shale ~, pNHiOUII ~-. lncludiq ~-
(1931.t P• ,50 arid 19.JS.) IUl4 D1et.rl.ob (1951)• 'Ille wt._., tNla 
1111Q7. o.t Ilia ap,tc11r1aa a ..-act ..,- be ·t.ha~ apectae. In Use 
Qull ,eoa. natu· c .... (1946. ,. 21) npo,u i• --
,... a.nlll GI lk>ta ·. Tc,lor atld lfaY&nO· age, .aftd IA tfeaenl 
C..a4a. troa tafl. 0,,.,. , .......... 
• ~ • ..,,_. •t n...-s a,eo111ea 
oaU.t1• c .. o. a .• r., a. 1 .• 1. J. 1 • . i_ r. u. oo. 11. "· 
ad 1.a ad .ran ac .1ooa1111u "• u, w. &f.ld cc. 
J'..Uy J·eruutlillU.aa 
far&alB d1WCQF• 18)9 
b~ (filaJima,J D1811 d'Orb'-7• 1'40 
Plate 1. tllfU"8 11. 
l•r tile m~ea •• - !nc.ludad withlll 'the IJYROllJ'--
ifdea rw t!tle -,.cs... •• toelt.•l•• o. J .. • 19)7. 
Jul*• tleol. s_....y• JaU. 12• P• 19. 
For addit.10G&l. wrou •. ~- eo.~1•• ... llll,1a ad 
~as.aa., 1940. Cao.lo.- ot· Forad.alt'flft• A..-.••• 
.... - ., -::1'4'_.. . . ,.__ , . . . . ~•'I~........ ,tun r«a~. ,~i4,.~ • .- -~~ . ·l2!1(111 iC!I'· ...,,. •• ....,..., ·• ~ ... 
P&111111&1••'_. ei..-.. t,apenac "° a )Mlialed tal• 
t.i&l .... .uu ............ ~ •. bl-.1, ~- rontas 
up so o~t th•· C.lal ~ Iii the~.-. bas ....Uy 
about one-~;h,lt latw.r Weeria1. atdH slicbtly tapui.ag,. 
with th• 'Vid·~st. portiott at. t~• c,-rtural. •.r1c!J ~~~• o:t 
~,. tr1.»erlal portion .Ltt.i.ii,ttJ.:«:1, about i to 9 llit tbe, h.t• 
s.nal port.ion.. sll.pnl7 intla,tedt ttu:t:ar,ew 14 bil-6:t"ial 
pcrti~lt d,rtp,r11aari• illptly -Gbl1qae; ttall va·Wlll:' -~ 
a~C*OlUIB ~ .. • , ~d Optl:ldJ.lg 04 ·L~• taoe et.' ~\. 
lut c.11.-.beP. it-····iAq~'t .t t~ .,..s .. 0.91 ... , 
Wi.4~, 4£ £1.,... apaetaea Q,.29 IDo 
~,tl!111Ull••fb1a epeclea .la Uahl7 eta!.l.ar to 
blllEz&DI Wi.4&•• Cutaaea !1946. P• 34) ut.:• ~t 
recordiap. o:t· i• Eli!a have been .... u i• £1UM• 1 ... 
e~lffa Sandidge (19)21• P• )42) al&&N 0£ i• £1dJ·191 •Thta 
~1•• d1.tten tr. !• £BUI of tbe Rifl•T in 1t1• ~Y 
ftdUC·&d. e4rlt \r.laerial Stap,. Gd itt bf..Yiag 8 ftUCh 
~ SVf&ft•"' 
.liJ IWl1l1.loaed: la •be ~• tme tvrieeri.d. po~ 
ot Ob•~ ot t.il• oolleelion, toru oa~ to one-
thid Che t.otal 1...-a ot •• t.-. loae ot t.be ~ 
o~ tae 00Uea1:lon, a.'°"8· • ver, ,.. a.tao•• •• an 
...... aaoothly tidehed. 
IZfJ.111111,.-v.1 •• ot •• °'*• Cat.. ao. 1260 • 
.-1• -EUIII. t.a -~ •' locali.,r a. 
iuia&M · 0!1814.at!dl:Z&a} lt•mtml&a .toet:.•v1 ••. 193? 
,i.. •• 1. tlpn 1. 
For arnonYltr •• 801:iJl• i. J •• 1952. ,. I)&k,., 0eo1. sw,ey·. 
l•P'• IA•• 70·, P.•. 11 •. 





port1'1!l tritU'tals tlbort, perlphtl? angled. on.e 1,ael at.,'fid• 
1ng ltt the bl'&lk bataen th• lriaerial. portio:1 attd tq,pe:ft bl• 
S.-iflJ.. ~iCJI. ·to .feffl & ~-- angl.S ~-- U 1...,._ 
,,arau -~:1•: etumber~; t10il dut.laet. •~ 11t ta• td.Nrial 
port1.o.n 'wit.& ahei-t 4~ proJ·uUou 11! ~\ •. c~'b-vo &ti 
the per1:p!1t1r:,1, . ..-... tur.ly WlaUnet.. o.bU.•• la ».a• tri-
aerial portiani) ttaarly ?tort,~ 1a lh.e blsertd. po,r\$.,MJ 
van t1~'\fl11 aNUee&UJ a~ure a Q&ll'l'OW au., la • re .. 
~ o£ Wt• lut • ...,... 
:WJNSSE\~-~ ot filWNMI e,-oillfm 0.,.1., •·• J 
:breadth ot ti_... ape~ 0~2, •• 
?Aes~---JII.ErJal UDUl!d~ Loetitwle .... 
to ~p a NII----· le .IMJ4m.M l'all"1t!!s CualuWI Wb.lcth 
is c~aly :to11ftd. bi bed• ot 41ul11a ace e~ ,._.. ~-. 
th• latter ,ca11 bo G.tt_...la_. .troa. t.he re. ... •• t, la• 
umoh. brol.l4•~ ;r .... lNllte aBat twtoa u .long•• --.d,, *8n--
u !• a.tmmHII la -~ but. propen1•na~ely U:ft 
aarrow. lao. 4owmar4 Pf!8J-.1ou ot \ine ~ a~ the: 
parlphenl ugJAa. do no, ... bai lMa a. dler&e1erts110 ot I• 
~-· ae.t.-..c• ••: !l• .... 1e u ..... 
te.1.url• <19:,1. ,. ao·> ..i Bolla 11,sa. ,. 191 t•l tna, 
~ fJpM1• 1a ~•'*' to· ttte Forl itqa ...-.. ot the 
ll..._ to~ in ....._ aatl Soalb Dekol&. 
blltlza.•kt w. .t. •· Datt. c.1-. 10 •. u,1 • 
• ~in.~-~ I• 
l 
'1 I: 
i1tm1c&ldMI c.._u. 1936 
ClaIBl&n&,11 ada&t· fPltJmNrl. 1,,1 
Plat• l• ftpn 10. 
CliliMU !&a\1 :numa_.. ~t.erk. o. J •• 19'7. lebr. 
ia.ol. ,_.,,_,., BaU. u. P• ss.. pl. 10• tic• 5. 
Quat. ..... &llda&I·. c.n11,1ar) •. rnueu. a. 1. •• lfllt. 
1 ... aniv •• ltlr:. 1ua.· aec.i.. lept-. lav. a. p. 
TJ. ,i. ,. ttce. 1.a •. 
,.,,, 44diti1oul .,.,.,,_,, ... cw11 ... J. ••• 1946. a .• a. Gaol. 
Su:rvey• "'1£. ,..,_. *• P• )9,. 
W.ICMl.ll••fut 1oae. -~~· u ~ v1 ... 
the .seas vtt11 a- dett111-. .• tb1n tluc•. ~-- •t.._ ~ tae. lat• 
t1a1. Shon. trl:Mrial portt.rm abalp17 ~- thoae ot tile 
fAUCh. loapr ~al pontea atrat•• panUelJ ~ 
dietinot. ~- -4 oAen tatldR le the unleerlal porlton; 
. .__... diat-iaet. 1n the md.Mr.1al poft.1oa• ali&b'17 .... .,. 
~-, wall t1ne2-~ -· a,erii-. rouacled, ,.,.,.oa1 .• 
oa ~• end o£ a 8bort, neckc: 
.~h et ~ -,.et .. 1.21 •I 
bread~b ot tt~ •peci._ 0.39 •• 
i,1 .-,aaaa.aaia &ldm!I ,n.,..., 1a ff'l7 
OlDae l.o i11J.11al9ifla.10lllSI Y&niltl7 ___ (~J. 
ad or tbia C18dlfl1Ul (1946. ,. 40'J ..., ... 
TA1• ~- 1• ..S.deallr derl.Wkl f'NII ..,. _t...,. 
u ~--_..---~-.Talor. 
tt ·• a Mn iiviii ... -- -~ dl,ft."UUl8a bet.--.~-~ --.::=wt•~ ... 1• tlU'lced by a. Mr, -atl'OIII . · .. . . o.t '1ta ateela. 
Loet..terle (19'7,. P• 5fJJ &lYU tu tolleving 41tt.-..e" .._ 
51 
tWNa i• Mal&ll&I .mui the •Pldu §41JYl&&dl1 Id.MMD 
C\tabeaat 
Thia ~-.. ·· le way __ ,_··.· cloee to ~. -~ 
CUllhltaa aa rs...-. .r... Iba Cr••--- . · ?•~•••• ffi.e only -ti 41.t':teraace 
...... '°. be 1a ~- -~ ... 'lllt.loh ta !• .... 
,1.._r 1e atr tile· flad et•*°'*'• de.elm.a nee .• 
·rwo ~tJr.l&ia. el -. ·,ifP!c:i .... f4 ·tr.1w. ·ooll9e-
u.oa _.. o~-.t t,o· • cK.U.-111e ... ba- Ill• W1ter lo 
..tar the apeol••••· t.o !• 1aala. llllbo8' beal-.ta. Th• 
spaoi- an.· 4-f1m.t*1y ·lwltd and '11• ,~are ta ~ 
'tklmlml '1-Y- •·tbo ... ~. ~ uck-. 
S.• · &M!IIH has- ·been. ~- tra tlle· PlCTe aaie 
ot bot-h ie~ ~ .South Dakota bf t.oetblrt. (1'31. J.1·11 se). 
C~a (1946• p4 .O) ctva o~ ot the aputea ia 
atmta ,ot Ta1lor &IG· L, Alabama• &~•• ~M1Hlppi aad 
, .... 
rtml.YJl!t••Urd.Y. or 1. -.. ca,. 10 •. 1262. 
i9HEf&ll•-a,..1-r1a or !• &Mlait .,... toum& to 
l)e. c~n a~ loeallUu V' ad. w. At. loeaUt-y o the •peel•• 
PLat.• l• ft.cure 12. 
Gltllaf.a& DH11is1n -~'01'b1p:,• 1'40» Seo. Gaol. h_..• 881'• 
1. v. "'· ,. 44 .• pl •••. l'l&So 22.4,0. ["41 leUA,. a. 
J •• 19S:Z:. S. SJatt. ON1. ~. 1ep-.. Iu. 1()• P• ~ • 
Allia:111: am'411 a1on1&n7. c...._. J .• , •• 1,,1. Joar. 
i"a.,lec,1~'1leg. -,. s. J• )01, ,i. 34• t1p. 6-1. 
ialllr.Ga llltlal t1•Cl'blgay • kndi4p• J • 1.. 1932• JOUP-. 
Palemtoeloa. v. 6• P• 268, pl. 41,, rt&• lo 
1JIJl1ci,a& l!IISl&dn. d•On&CQY• l.oeltW.le• Q., J•• 1931• ..... 
l•l• 3:UVMJ'• Bull. 12• p. 19• pl. l• fl&• l. 
21Dlii£a illlistal fd•Orb&py)_. ~. J. l.11 1937• 
·C~ Le. lowae. ~·• Special lhtb. 1•; p. 100. 
[flit a.1111.. ,. J •• 19'2. 1. Dak. a..1. ,-..,. a.,.. 
Iav. 10. P• 20 ~ 
.P9a.Qii lllU.IU (d~). Ioli.a. m •. J •• 1,,2. 1. aat. 
Gaol. svv-,. -~· laY. 10. P• 20. ,i. l, tlg ... s • 
•• ,..11.-,.. .. ~ ·~"- ia ~~-- n ... . 
~l1 ~ri.AI tor ll08t o~ ,.-. a..- tne ~.-.1 ·end 
rapidly be~ potat.SJ 1&1~Lal11 •re ~- ·tttNG ~ 
to a waorl, th• t.rt...-tat. -.. bt..-1&1 tor .,,. Ula .,_.., 
halt 'the l~ ot tbe "••• oh.._. early'· lnd:1~~. \Ra 
•-re 41atiaat and iatla18'1 ta ·t.1Mt bl~al pe~ioaJ tall 
.t1Del1· ~-, &1'fiftm.'8 a U'ObN o~ •• Iha Nff ot 
th.• la&t ohatl'9r. 
~·~b r4 flam-ed apaat.•n 0.10 11111 
vtcltb .,4 fiCIINd .,._,.., O .. Jl-. 
van IWelTN '° t.M.9 spec£•• n..,. .... IO N__.le 
JllaNil·I 111.11111 (C...,.) • ... ~ _.. ... , ,. .. 1A -.. Tl•· 
~· •~"• Gd ea.7 alao· bave a -...._ M...s.1 
porl!.et1. 
?lda .,..1 .. hU a wtde .......,.10 .......... ~ 
I)een repo~d t2~oa t:.2- s.r&~oaa ~malk ct ~ by 
:~ {19)1. ,. JOl.) •· th:8' 11,te, tonat.ion- ol ve9ttea 
Alabw by ~- (l932ll• P• %68)• t.'4 ~110~ .r ... t-lonr 
o~ so..it1l iluota, Jebraaka. Md ~ by w•tAJtle (1937. p,.. 
19) •. ana t.!Ma 1~ to~icn or Sottth ~ by ~lin 
{1952. ,,. 20). 
im#itm•~av • of. -1. l)ak.. Cat.. ff• 1263. 
ie&M:!78&8•~ 
ntat:, at loeallty :mt. 
••iv•u.u .. 
Sa11!llldaallaa •~• 1426 
~--Q ... x;a;; ===hub.~><~~ 
Plate 1, -t~ 9o 
iBAlll~III IIM1• t1~l ~ar. - (1z,,.,..). 
1:f'i.anll., n. L.• l9S4• T-.. tiAiv •• !htr' •. .leoa •. Geol • ., 
lept. Iav. u •. P• 77., pl. &. tig~ )l. 
1or t~~her srnorrtlrf _. CuahMn .• J .• , •• 1946• u. s. ~1. 
Sl~,.,-. hot. ,.,... 206• P•· i.a. 
ll~--T•1. Slla11• .i-..,a • .abot& ·--tld.o8 ae loag 
u -.ad. greatott- vNad:th aear ·"1e aiddl•t oaatlben aau~. 
ali5~t.l7 L~?l&"dJ -n.tNFM 4~: ·wall with a. clas8J· 
•~•• ~Dft re ...... ~-• 
••Lenltb. at ~d .,._,..a. 0.21 -.., 
---4~ tit ttc~-~- 0.12 .. , thieimd:a ot l.1,,pared 
spae;taen 0.10 -. 
S4 
dlNc• rer....i. ~ trhe a,a.cs.,a '° •-*'1fH6a. •&•· 
...-. MIII\I la the&~ .-....i .. dNa mJt ,rot.ride. 
& ~• de1,orl,Uoa at trlitt varltt17 Ctian•n (19.46, P• 4') 
....... tkat t.be .,.....i ..... ,~....... In .u otJl8P 
1'98,-U the; ...,1aen, la ·m'•'S Jar '° Ma• ffll'~7• 
imlm••llitY. ot ••· Bak. Ca"- 1e. 1$. 
.•• ,,_ •Src1- .,....._ 14eat4tied *' 
ild&fllllaallll .•• 
Plal.• 1. n..-. S-. 
Single ........ 0£ ilfalnJaaMDI •P• ..,_ tomd a~ 
locelltlu K• 0• P. ad. L ·Two plOFly ,..._..,.114 ........ 
wan tound a.& looallt1' ? • Ia ee&abllshlnc lb&~ '11 ... •,..S.· 
aena bad. a ~- wall 1Ute ~ .r.oa lDcali·~J"' a waa 
...,.,,,, ... 
Th4I apeot,..,.. _.. ...... leetallae• rounded la aide 
rtw and be.we ob&.__ a bdt...U :I.A lengtJl. ?be du U.. 
·flllova tour ....... (tlut· lmtlW .__... 1• -~ olearl1 dt._ 
•lllcn) le ....-. la .U eE Iba .,..lllena. ·a. o-er Ade •~· 
ca• Eonaa .tram loodllhll .11, a • ..a , 1a na• Std ..,. ea17 
..._ ~. fh• s ... en•INtr or Ill• t .... tNa. ~ 
t• 0 and· P ls lllldlU, btl.ah4 ad. clearlf datW... A 
dacl• ~ ta "lhlble oa ... .,_,_. tJJOB loeality P • 1Ja 
.not, •• ~ ............ . 
• ~ ot tlgured ap,ct,... OJ) •• 
iimtm•.tfnly_. .r;t 1,. .... Cab. 1o. l.165. 
ss 
Idlaal&M 4.'0rbllll7 • 1426 
tn&111Ms11 ... 
Pl.a't• 1, f1~ 15. 
i .,.et.,. r4 t11l9llilr181 91>• wu found a't locaU•y 
a. ~. a,ecimea ,....lea·IdlitJDj&a s&nallEll Jomwa, 
but the witw llealtia-.. t. .,.. U.t ••--•• bua-d cm 
a •ttcl• apeci,aa •. c.._a (1946. pl. 14. ''-•. 1.6 a4 27) 
Uluat.n'*I • a,eotaen •' l• slr.alll11 elcb 1a altlb&lT 
dirt_...• tJw&a the epeelMa et lh•, coUect,.ioa. l1111tmaa•a 
illtUJUatd.oa ta oE • tore ••• appana1'11 bae. ...,.. nach8d 
the t.rllooultae· -.... It,.._ ,usnqtl91...U11t1 ebaab.-.. 
whereaa Ute .,.oiMA 1• the eou..-1oa 1• '8tlnt._1,-
trilooulille 1 ad. R01111· oal.7 lbrM ~;. Th• final cfa~mbla'S 
c4 tbAt apeelwl of ISM· col1eet1en an aioal.7· ~ and 
ltltlaiiedl t.ba ~ la ........ wl"'8ut a tooth.-· bat wll'Jl 
a na1l Up. 
••Lnclb ot ft.,-.4 aptaelMa O.lS ••t 
bread.th ot tlprad apeoltlM 0.33 ••I ~1...._ ot ttauN,d 
a,eotMA 0.26a. 
BDMm•-uatY. of' •• Date. Cat. lo. 1266. 
Oeeurreaoe.•fll• •S.asla •pectua. o£ ·tr.&1f91i&IU 8P• 
•• .tound a, 1ocallt.F fl. 
Faa11y Lagentdae 
M!da ..., .... ldOfl 
tlala\11 """"""''· .... amDHlil. ,.,1,,1111.r>. 1911 
~ 1. n...-11. 
lobulua na~• (Pl,.,..).. Bolla. 3. J. • 1952• s. Dak. 
S6 
tleol. svve,. Sept. Iav. 10. ,. 21. pl. 1.,. r1g. 1. 
Mala 11vamtM;l1 ·war. 11aralld1 tn ...... ,. rn..u. 
D. L. • l9S-4. T-... Univ.• Bur. Icon. Qeoloa,• ._,.. 
IQw. 22• P• &l.• pl.-'• fie• 6. 
For~.,..,_., ... , . ..._ .. J. , .•• 1946,. u. s. 0.01. 
3lln'q• Pl'ot. Paper*• P• Sl, pl. 16, ftga. 6-4. 
iltAtfii,•Teat, «~17 la'IOlll\4• Id.ta a ua11 
lllbo 0£ e-lear ahell. maftrla18 pertpbC7 with • larse, .tlaap-
11.ke keel1 ._..n 4ld11.&R• illbt or alu: la 1lhe 1Mt teor1. 
1Mnaat.ac gradually ta sin aa: add.SJ.-_... dlattaac. 
sl1.gtt~l1 ....t. llabatra. nalb wl~ th• 91.lrfaNJ wall aoelh, 
rtuly per.torat.e1 ~-rd'l-•• at, Iha peripll.ral aacl•• 
wlta an aceaasor:, ~ural allt. b41l.ow. 
••Dlaot.-r et ti ..... speol•n 0.11 ••I 
thiclmeN ot tlprad ........ o.;1 .. . 
a.YS••· .. fttla tom t• dlatiagtdab4td .hos. otrher 
Upper Cr•~eou .,..,.,. ot 1al• pnu 'b1 tu lal'p. ~ 
like teal. c~ (194'. p. sal n,o..u lalllla 
v:m-.1&1HZR•l1 only .troll- •""''8- of lavarro age in~~ -Gt11f· 
Oeaat. et•--• vb ..... (Jri...U (19S4• P• f!l) HpOl'IS Ur. 
troa. •~t.a ot Ta:,lo• and RaYal'ftt age. lt. baa a1ao 'bcten 
n,o~ed t"t'Oll'W:l• 11ol1nra toN&llM ot laaue • ......._. and 
So\11.h Jakou by Loettarla t1937• P• 20-21) and Seti.Ch .1>aluJta. b7 
Bolla-. (1952. ,. 21-21). 
JJ~.,.UnS.v. 0£ .1. lalc. en. 1o. 1261. 
2tsEEMll••h ttd.a a1nld1 .,&. auarmtalh -..... 
11!.ID!9m!I vu UOllllea •• 1oca11ty v and~ •~ looalit.v w. 
;1 
llilh!. ~or1. 180il 
1'1fmlll \tri111Dd1. Cnrmaer>. l.931 
Plate l• tigure lS. 
11lu!l:M ilzll£!8!!&1 (Pl-..r). fftuell,. n. i... 19'4. Tma 
Ualv., ·.11r. icoa. Qeol •• ~: .. ?AT. 21-•. p. ai. pl. •• 
tlg. 11. 
ror ~r -,...,.,. ... Coatutata. J. ••• 1946. u. s. Geol •. 
IUl"t=ey, .. hot. Pe,..- 306, P• 5J. 
Dlslll!B!••T•• tavol-.. tteeoalng FJOltate'.• oomprea.ae«. 
mbonao., pwtpti81'7 angled or wt~ a ,,,..,, arrow. lbtck keel 
1n most. spee1tleftaJ cb..,era cllstlnct:.. alx '- etp1; 1a the 
adult 1tborl., 1aat tewo or ~ 1atl&t-edl autuns diet.~ .• 
arty fiusb w1\b •b• avtaee. depre•aed betwaea Ula laet tw 
chaben, ovv.s. 11 ... t.• .near~•• periphu.Tt wall calcereou. 
tluly per.to .... , apertval ra.ce.row1<18'. llri~J apwtve 
'ftldlata. at. ~ ... ,,.rlpberal anci. ...... ft ~rmt1ng • 
• ~ Id. tlaund a,actmaa o.ae ••I 
bi'eadlill or .tlpftd spedJaa 0.10 ••1 thlolmU• ot tlgured 
SJMriMD 0.a) •• 
MillSllllD••!ld.a apeei•• la ... 11y neopl.Md. Dl;s-
linguLabiag oba~l'lffioa an the lfttlat41d final~. 
th• teMttM7· or lhe -.at ~O Mcoae lDYOl-.. ad the aul11re8 
tha& .-. llatate wr tu ,-.ri.pbay. Th• .,.ct.aa u1:a t.o 
rea.ablA ltJUMII alld (.._.it)• but aoool'dlq to C-.tlMID 
( 1946. P• ,., ) l• WE& ba8 Jd.ne·· eo t.•1Ye clMlua1Mtra 14 t.b• 
adult coll,, llhll• lhe •'8G1.... ot lb.a ooJ.lecn\ion ftlfttl:, ••• 
.. ..,. .. n1.ae .......... 
s, 
c~ (1946. P• Sl l ~- 1• llUS!Plll .te 
beitlfl ~icul&rl:, abliodaftt. la ,.m, ~ beda t14· !aylor ace 
ad ra.n .111· the apper cads o~ bulb A~ and Taylor ap. 
Thero a..- co. M no previoua nterencea to ~au.,_,. .. n-o. 
beds~ ·the U,,.r i!retaoeoua 1n ·the-~ lddoonltae,. 
:llllim...aatv. ot •• llak. Cat, .... la6f. 
2sSl££!BE••·fll1• apec.t.ee: la abUtlda~ a, loeallty Ha. 
l~- vu t~ at no Olhar 100.u,, ia -bb_La •~tidy •. 
&ullYI u:aa&&IIIU&I e~ ad ,vv1 •• 1,,2 
Plat.• l• .n...-. 16. 
For a,mm,m7 .... Cuab_.., J. A.,, 1946._ u. S. 0.01. Stlr¥'eJ, 
Prot • Paper *• P• 54-• 
Th.la apeeiea wee d•crtbed by CaehlJaa and Jania 
(19)2• P• 22) ua 
Tea~ olose oo~::c_.~Nd .. ~~ 
all1b~l7 keoladJ c .. · .- . - ·_ri, diatinot.·';,,e:1,.w 
S in maber in Iha. "4111,. DOI 1ntla~J •~_... 
t_ati-ly_diauno __ .· -~._-._l'OallY_- _ovv~, oan1_ ._ ·. -~- hlto_ · .. 
tb• abiUeal nooa. ~7 uaao•• bl& an 
J"&iaedf -11 o~ bf· ·a Mriea· at -obUt11817 
CVY_ · - .·"-. _CH_: .~{-_-'_. '°1fU4_. · .. · i ~ _JNWI __ .· :_.fbt1J7._ ,ad.UJ . beeoaiac .ftlltlr 7 ,..u.l t\O_lne .... e4p d the 
,.at .. · and cont.la110U over tJM: oballbeNJ ....,._.. 
-.~ ,Lt JNtri:phenl aal•• 'WiU\ a auppltllltlfttarr: 
~• opentq le Iba ae4&an. Un ot •a. 
vent.ral tua. I••-·-~ •t. ttcarlld apec1an o.,s ••I 
thi~- or f1pred ~ 0.17 ... 
Q&llilflBll••lfbl• ~-- aped.as ••••• tto "8 
rare. It h4il oal7 tteea ~- .t,oe_ u.ie Upper o~ of 
Trinidad t:'Hbm,. 1946• P• S4)• ~ aCOOl'ding ·'le C11ebllaa, 
(1946. Jh Sita) •a -,.et•• verr cloae to tht.a. end perbapa. 
.S9 
ide?lt.1.cal. oeem,a L~ the Arkad-,hta cla.1 f4· ,.,...... tr 
the Teraa ton J.• ~t,e -·lldltl apac.1•,- -1• adalM!adl oeowa 
in ta• ila¥MTO gnvp or,..,. 
r~:a!ra•-Vmv. oL ti:• t:Jm&. Cat.. Ro. 1269. 
· .-one epaci•• or thia .,..1 .. _. . round 
&l!Ul&B,.. 
Six. apee1aaaa tr. loe.al1ty 1111 an oal;r· Identified 
.. bbla ap. The .,.....ai ~•tic.a -· --~ 
de~aed. and ao.- eOlf no .ute &OM. ldea•s..t,iaa ~. 
t.ert.Uoa • 
. ~tll••lJntY. Ot •• .a.. •. Cal. lo• 1270e 
Pl4te 1, tlpre 22. 
For oyaonfflY fte "'1nell. o. L.,. 19S4• feaaa Um.w • ., 1ur. 
loon. 0.01.,. ·1.ep1. IaY. 22 .•. P• aa. 
QilCIU&&••'ftNJI ~- lavolt&e .• •la .. ._.._ 
pllri.puer-1 •li&ht.1:, k:wledJ ~; Ida. to atne ohMMrs tn Iha 
lattt whorl o.l the· ad:ultl ........ u ... -. •. sliptly cltl'Yed• 
rat..i. ·ta~ to '1l• ,-.1,._,.. elevated ate tJlfl _._.. 
wb..-. ~ie:, .r.. wilh a alSp1l7 ra&Md boaa· •-" Iha eeata-J 
lilall ealcueou •. !1nly, ~f a,ertunl. taee larp• 
~--. tlalf apal't..-. radiate. al ·lbe _JNt.lipbe,sl aacl•• 
{atl\\\'31!UlSl·.•-Great•• ~ of t1.IQNd epeetaaa 
1.66 ma.; tld.ckaeas ot· tll'Wed apeo£w o.4'-. 
i&lat&sa•-speci.,u aaatped to tc1 •. .,.., .. .,.. 
1illbon&$0 and lceelad: Ibey ahow. a radiate apertwe ..a. oaly 
aliabtl:r r&iaed •at-.s. In ......i thla apacid Is •al'l• 
abl•• ~ly-1.a Iba ?lelgbt. of:•• autllNl8.,. ttdl ..,_. 
o~ !ael that. ta PNU"*1• 
The -,.ct.,.. or i.lUllllBMII aMl11U (J.-.rok) -,.. 
be coa.tu-1 w&1-h Iba· ~ oe laala. _,. (10 ... rJ. 
but Ute 1a,-.. .,.._ .. bu a - _....i ...-. 
1oe ~ the. ,..S.pber.7· aad • ...._ ...,., or ...._. 1n 
the ts.ne1 ••1 (aiffll IO elaveaJ. .k• aliMM U1 a1ao INI 
~ wltJl. BIJlll.11 -(Plumaar). 11111 dltten 1a 
~'- ........ ot ..... aad t;tae utpt. ot Mi•- ........ • I• 
M!IEDlldl, aoaofttlqg to CllltblUm (1946 .• P• 51-SI),, • ......-
ally bU ten to twelve ~ 1a Iha &talt w.rl. hl.lblJ' 
ralaed au&QN& .&ftd •• add1ti$o=-l. ~al o,edng below 1'8 
ndiaw~. 
Cuetmaa ( 1946. p. 56-51) llv• t.h• .......... ot 
'1\ta· .,.a-tee tn ti\G Oult c..- ataeu la lMtda ot la•al'ft• 
Ta,lor .and Auatia· az•• T.o the 1B'ttv•• tatewl.._ tae. onl7 
pnrlcUG nteN::aee tto tJt:l• •peal• Ew,a Upper On...._ 
strau oE ~• Hnbeft\ ~lua• wu •• or at8'1fleh 
t19Sll, woo ~ed ii r.. tu P14ft'fl: abala or~. 
lmlm•-J••· ot ,. Dia. Cat. zto. 1211. 
- clf'Orb1P,'• .. U26 
llld:M111M· l!\ll&alall ••• IRIIBI• CrUb\!lall• 1931 
l 
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Pla'te l• tt.am,e 19. 
, ... ~1117 898 rrsa..u. o. '-<• l9S4;. Teaaa Sid•·· .... 
loon.. Qeol... ••• · In•• 22a P• SI.. 
The d~J.lNI at this -,.el.ea. u p.·.,,.. llT C;'tltlblfan 
(1937• P• 92-J 1a1 
r.-. eloqat.e ..... , r....i ...... 1¥ ,-r1,oa eloae 
eotled. wt waiona~ _ Ja-.. -~oa aaooil.ed. dor.8a1 
dde . ..-17 .....s •. ·~ .Sde .UdtllJ' :liW&MI 
-. Jibe_ fl .r .. ". e .... l_· _'¥.. NI._-W_ .. :.:·.-.· '°"'· ·. - .. loa t.u .. ·.--.•. ·-t.ae ... ,.·•. law ....u.t ._. ,.... a.s..- _ b1* -* tanillldf 
..... ws..1ac, ..... ta .... la-. ,...,__ ... 
the,' ... •llD'17 ................ ~- wlta & 
deolllck! ttou.UU.thlot~.,.... tlMI. denal- d.4•· 
or tu·_ alddJ.eJ ..ii ...- aoe,- to,· u.. -.....i 
~'Oal ~ rAldlal•,• at Iha out.er 
,-lptienl ••cbt· 
•• r.apb -or ~ .,..,,.. 1.12 •·• 
apealMG·0.28 •• 
m11•aa--ni1a- 4laltaeU• .,.., .. t• -...s1v ..,.. 
ratled t.,oa tile ..._ .,..s .. ot 11118 .p11119 b7 tba .a..i 
ebanehrl.at,toe. ,... .. e..-•a ,~pUoa 1, t• ~ 
t!lal, Ille .a-.. . ...,.. ao&1·0Mbly ~ oo •• dGr-1 at.de 
oe 11- .... !be .,._.,.. • .r Ute.-~ allOW Ulla-
-. Wlll7 .u. 
C11ablll11 (1946.. P• .,,, NOOl'da '1da •peol&a ea1, :... 
Nds -~ AWlt4a age la Taae. ~ 1.1, 1laa ........... 
,..-,to..11 ....... la •art¥ oane -....-
l11Bm--tlrd.1r. ot •• Bak.- c.. ·ao. 1212. 
Qama..-!lle ....... ftfened - tbta aprlOlee 
was tOllDd &I locrali&f' a..._.. t• la rare. 
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Pl&ae 1. ttaure 26. 
1:.-wilaia-1. i9lllil llftea. Dolin. 1. , •• 1952. s. Oat. 
Geol. 31il"fttT•· lept;. Inv. 70, :,.- 2S• .ti&• 11. 
llrlf.1B2&DI !a&.1111 ..... Pl'lNOll. n. t •• ·1m. , .... 
ald.v • • Bur. lcoa. Geol • ., lepl. Iu • u. I>• 84• pl. ·•• 
tlg8. )4t-J6. 
,wt f'"~bff ~ ... c ....... ,. , •• 1946. ,. s. Geel. 
lurtey. ,..,. Paper -.. ... 6.2. 
11IMlll&.l•--T.- ~. eoll•~ ,orll• ootW. 1a-.. 
IBCOiled8 ad)~~ hl 111Ulftel19e Y'tdl ebawNN taw ta 
...__.. 1a...-1nc n,t4l7 la ••• last. • ..._. ~ hlcU:, 
1ntlatett; Md11f'fJS lrdl.~., tllllb w:l~ the •~ la the 
eu-u.- ....,.. -. 1M1' .-i.we d8'pnaadJ --11 amr,ot;b• 
tiftel:Y ,er.tora'-t. •»-~ ..U.t•, pPOt.tlberant. 
· .~1 ot flpred .,.._. 0.36 ••I 
~ dlaawr oK ,,..,_. .~ 0.19: •• 
DiaC'IINlon.-'fbe ~..W.. au~t- of._ .,..1 . 
... flo ~bi• ...... _. _. tiectall8e or· t.11• da.aalabl• ..,., 
et pnt,~ of' ·tJ,• .,....._. c- {1'46. f• 62) 
deeef't.bea t1- .,..__.. or Ible- .,..1ea a.a helag a. w:»e ..._ or 
a eyli.Mrloal Dlldk.. The• -~ dMa MM a ndlat,•• pro-
'~" -~_.., ._ tben h.,.. dOllbl- Iba.111IOQ14 be 
eomd,.._ '° be on 'IN -, ol a -~ ... 1e .• 
In Ill• &alt -Coast, ~-- llallrRJlat )111~811 .._. 
bait '-3 ~- tnll ...... .,.. 1a,lor ad ........... 
litlSn ( 19'2) Npor.1-.d :ti t'Jtoa- lhtt llobftllW. folll&"d.O!I oL ~: 
naJtota._ u 4ld M~rlcn fl951J r.rr •.Au tiha ?:Lirre shale cr,r 
!~-~ 
r 
;ttmlm•-at1•. :-,t 1. ·1at. on. 10. un .. 
Osm&!Silt••Dle s,•d'JtMm aulgned to ·t.tda apecl• 
Watl tfJU.lld in·the Maple troa loeal1&7 4. 
IIUS·IIIL1N ,1aal ._._ 1161. 11'6:,) 
,1a,. 1... .tlpra· 2, .. 
, •• ,....,. Ne ~-.. 1 •••• , •• 1937 ...... ~. ,....,,. 
1·1.41• 12• P• 60. 
I.oat,ele t:1,rt .... 60) .~ .. tilltt .,..1 ..... , 
r.- .i~, 11\ ::.r=· .~ . ...w. 
=~.·-=.,.~:--... ~.i. ·.·.-=-.. : .. ~ .. 8f,.···=. '.·~.ad .... · .·
~. •~Md ., load•wllaal - ...,., .. .
::.~r .::-:=.~ ::-:.==~· 
..... 1adlall·-· ....... ltr ._ ........ s ... 
a~ ·~·.·. ftdt••• at tbe ·en.4 or • ~ 
Mek •. ~ ot 1,..,... a,ee1.mea .. • ,, -.1 wtdllh • 
• u ... 
.~ .~  specs.a.a o.96 -, 
~ d~ "4· t~ apNIMB 0.,27-. 
~--~1cwl•'• ill~tiou _.. er a 8PN1• 
.. that. - .i, Of.le ft&tm:t. inflat«ltd ...... la ~·-
ad~ pol'ti·on ot tae 1...-. A ~- .,._t_ ot thia ool-
~ are ptadi*IUJ 14atio1 ~o hla ,n......_. .~ 
~al ~~~• IOWYW• a. w!ter t~.~;~"81 U· Vll8 
.,_,10 1 ........ in•• 111_.. ta a~ S...... 1a 
U&e ainrlal porlton of Ill•,.._ h_.. aa S.....••• la-. 
••• ... t4 tiial!UI eball'ben or 111• ~ JWII• o1· t.be 
tu&. II 1a Ukaly tbaa tile ~ ~-le 111..vaud 
te a at,-ploa.1 .tom. and d:a6 lftfl •JPlcal ,-• ..,_ __. 
L~ ~- .dlol:lncts iatla'Ced e~ 1a tJia Wliaerlal por-
-1~ ot ~. teat,. 
trlf' ln~~ la one a~t •~ ·fb1a wotea 
spee:1-~, which aova: enl:, lh• Wt \\fo. c~ft, baa a 
dol:81- ~--· A no...i. r4'la'8 a~ la ,... ... a 
the ud· ot tbe fiaal eblllt.r• ad 1n adti.l,1M • ftftale 
&Ptffwe pn"ll't.d•• .~ ._, ,hfJ n.de .tNa. ~,,._ the 
pe.roal\iallte .. ttft81 ~-
':Saia eaail:, ~Md . ,_1•:a diE.tffs t.roa 
CushMA ..-.- edt4e, N• 'Oll't. oa Ille 
lut-~ g1-,1q a '814 ~. ·t:.o. the· ha. IM11 
-,.e:1!iMt8 a.N· ..,,.., like ; aatai ,.,,.. 'btit. 
t.be ll«> -~,.. UY ··t.t. 4t.rtee,tatet. ._. I• a:111, .aaa11, 
bu about t.-1v• ....... whllel.• uau&U7 ·ua. m.re 
tbu twlw• cuca.., Ne4ue u. 11.-h ~etld-•· ~onal 
M.~atl~ ·~ ~bet CMI&• _. 1.he a~ ·.t.o ~. co-
ll&N ... ~'¥0'&1 .... ,.. lt .,. .~ ~ tb&a 
n.~. Uao 1>h• ·~.in~~.~ ~ I• 
an. ov.rlapptq. llrAlllal· rdllU ~ flrten 
rr.. .!• JIRM&u ·~ ...._ ot·1n• r ..... •~• 1111• _._... 
-11~1,. 
fks, imovin. PNrn•• NtCOrd•· or- th1• -,.o.1• an ~-1, 
boll· a ... ,.. •-•••1 ..... •ea J.H&terle (19J7) aat 
Wah tlffl) Mft r.,o~ lt trw,,.~ Pt.ft ababt .o~ 
..,.,. ... ·OE· tbla ~1• (19J7. P• 601 8'&._, •at• 
..-1ae a.eu ta be a.pod Mftff tor the '1.-n .._,._ o~ 
~ska and ·J'math ~. ttat the nrattgnapM.o range has 1.0t 
... tta11 de!G~.• II. .... \o Ule wtwr tJt.a 
toe~twte•a ~tea .bolo .U 10 tu. ,.. ••••. aid 'lbal. 
1-, . 2ellfJ. ·•F poMllaly ..... U: & n.-.. tad• la: .. ~ 
eJJ'l.l al .... 1-. 
11111'181•-uai•. ot •• Du. ea. •••• 1114. 
.-!Ida .,..1 .. ta ........... ,.0. ·~ 
and SO· ..... PD"iOU et ....... t... i.e.J;t,U• '•a ••• 
,. , ...... ca. 
!lrll:nlJa. c ....... 1,s1 
Plak l,. n...-. 20. 
~'V., _... ~ 0eo1 • .- 1epc.·1av. II• P• IS• pl .. '• 
n.p .• 6-8 .. 
,_. ~ .,...,., ... ,. ..... J ••••. 1946. , ••• Geol., 
~., ..... ~ .............. . 
--···'·· 1d•t,.Uy ............. coiled,; lb.-
~ .-tlttdad.~· la 'f9 rt-a ..... 
~,. lalrlr ~. ta. u.. ocd.1-t p,•taa• dial~. 
t.ntlat.ed ill .... Id•· ... u. ,..., ... ; ot , ........... 
dte&lnct,, ........... oldi.cp19 tn ... ~. JWOl'll• .u 
vtv. -41• ..... -- 1*&I ... allebt-1' .......... 
......Ur not. 1111...,.... ·"7' ta• ......_, .,_..,. ~. 
-
atGOS ·to ~- •peed.ea have been ~ ~ ·bads ot -~ -ac• 
:L-, Alao.:~ . add T._. .• 
~\1185%11~""• et 1. Dafc. C&t. ~. 127S• 
8sarftl1t•·•lhe. a1ce1y ,..... .... ~ o~ I• 
-.. to'GDd •• ioc.u•v v. 
!MIIIIIIM•P.-A 
Place 1. l'l.-. 21. 
One ffilUiY'· ~""• . .._. • ._. lfr.fdlllfAI• col-
198Md at io.u.•, 1 • ..,.._.. _to • oloeely ~ ~ tn 
·~. c~ t1,.,s. ,i.. u. tta. a.> 111~ a 
1Ka1al&rt1- .,. S (nol to be coahaed. vl·l.b ·-aaJra·• ... 9 
or thla. paper). c,,lflWl&a ...... -.tt the spect.,. aa7 be• 
u.ao:rmal. t.ON. 'flle m111 ~ att_.... 1D •• apeelaene 
1a t.ta• abamloe., 1i1 '11• aplJOian ol 1'b• oou.cuoa. oE- llllbata 
aut~ .• wbicll ~''• 1llmJt.ft_. ~ app•n to 
..,.....a. For the~;. IIEl&IIUII •P• A ta lalUally• 
~er eloael,7 eoiled• altbOlilb the tn1,1a1 ch.._...-. ln• 
dlatiut. The. later po.!'tloa ot l!l• ·'8& 1.• lll.«Olled md 
cvbedJ u.e ~n in thla ~loo at 'tbe t.at. ere dt•l•-
~ ~ latla'94 &ad...._.: ta ,ep view aur tw. a~ 
..... ~aaed nc..a ••~la the later por1d.oa or 
u. lest.. ?be waU l• 8IIOOlh ~~. Md tlltt .,..._. 
ta: ,ad.ta'•• OD11, slilbt.17 pnt~ 
BtMl£aeO\l•-La~ ot· ttpt"ed ......... 1.1s ••I 
bntldlt, of ~. speclMti 0.16 -.1 t.M.•ta1.•• g ~ 
apecSaea 0.12 1111!• 
L 
i? 
imba•-otd"T, oE ••• tlak'• Caa,. lo. 1276. 
"1mdllll1;'l)l8P-I 
Uldff· ·falU b•adtac .,. ._.... • tw apNtaeu tr.a 
i.t&Ut4• l .&114 8 Iba& &1re .-. ~ ldet&USed ._ '8: a 
abortage ot ~ ..-.1w. lda'1ftea"°'1 le ,,.., tll.ftiRlt 
u· U1e ·apeeia-· do ao't ••• U.tutlvtt cbWter!dltte-• In 
-.. .au•• u.ey • ~ IMlllllUl 1...,_. 
aaab••• wtd.oa • ._. • .,_... ~ CullaeD (1946., .,. ,, 
ll'tXI .,._,. ol Ta,lw ad ,.._.. age la ... Mr Coa8t 
...... 
Plat. z. n.-. 19. 
itlllt3ulll tnitlll (C~)1. Pri-...U• l. '•• 19S4• 
f._. lat••• Jar. lom:• hol •• a.p, • . ln,. 22• P• 16,, 
,i. 9. aa. 11. 
JD t~ • .,._,.,. ... Bo1"'1. le J •-• 19'•• S. II*• tlla1 • 
..... ., • ..... t ... 10 •. ,. 16,. 
,,. ....... ~ .• Ible ........... &U .ta-
~ fteJ' 4o., 11.-,,.. •. MOW a ...,..i17 ~ ohaa.ber 
.... -- ..... -ad~ Ml• Wbleb ·~ ........ llttk. ·U. 
....._ t.oaft .... • Spi!ld ol Vari.ad UM - ICrW9 
the ....... u4 .. ..._ 'Tbtt .. e,111n .troll loaltly I aad ._ 
ot th• ....s- flNlt looalit.F v ( 50 ..- ••> ue ..,. 
~ :la dd• vi•• u4 .,. aoc 4.r1ftt'91J, -,!a7. •l~ 
- ~ tor Ille, -- ·--be ...... ~ la•W. .... 
t.10'fted tOtfliS ..,..... to M IICl'I\ eloeel)~ NlaW to 111\e a,eei-
atmi9 Ul~ltl'*1 UMV \td.a epeciea, ·1rr·· Cluh~. {1946• · pl. 261. 
rs.a. lil r .. tdle .~ etM&lt ~ Ta,J.ct• ..-.- and. aoaa 
(1-,,2. pl. 1 •. fts• UJ ~ 1-ba 11owara r .... •1•. 1fbilec Ul• 
r- .,. ... l1ke a .,.,1- tr,,a, th• ,~, 0£ 
~- ... tu ... -. :1w (htu•n \1946. pl., ao. tq. 18). 
-~ ot ~· ......... 0.11-. 
., .... .r 1. ••· a."•· ...__ 121a. 
Qa•a;_, •. ~xn Uda avdr i• at!lialtra -. tOllnd -. ''9 
..... A\. looali;t.y id nM a lecallt.1• I. aad t·. 
Uni"'•• au.. Jeon. Oeo1., Re.pt. Iav. 22• P• 86• pl. 9• tip., .. ,,. 
1or t'urtber •fllOCYl'F ,... Bandy •. o .• L.,. 19Sl• Jov·. ,~ 
,o1oc,. "'• as. ,,. 4491r.-SO>. 
-... y ... •1-la•. ~- to- •licbtl7 
~ .• ialdal .... ....a,.~.-~· dl~. 
lal.Sally wider ·Iba IISCh• .__ ·~· ~ llu&a 1114• and. 
altp'1J' ~adl -. 4'aUM1t• only .UpU7 ebliCl'l11• 
,..,,,.888d 1a -. iaa. -~ ot 1ae ... ,, wan ~• 
~ ..u.. , .. w11 ......... 1n tJle .,.... la Ilda 
ooU.O~tonJ. 
dlwt.er .z· lipled .,....._ 0.1a •• 
~~-lo oea.,lt&e ~ -- Pailel• ,fop 
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ti~.48 ldeatL.~ea~1-. ~ ·tba mat,wlal oni band ah.,. -... • 
... ,. .. to a. duUAct.lft ta tm&~· ....... , d'lab-17 
~ and lhft ...... ~ . ....i,. la llellb• ......... 
.,. 1a1,w 111.,..n .... *'* .. h1ltt .. .u., bl&· tt1• .. 
tw ct.tun. • he!l)lc· lbal· 1•· atw. • • r,aUo oe bet·Chl to 
~• eE Jta ,-, ...,- (1951• P• 51»). 
Ia ..Ut:icm DO ._.,..._~co ·""8 _,..t• 
t.-~ U,,.. G.._eou ot Galilt ..... C8flhNft, (1946., 
,. 611.) Uau ·..-.al~ r... -.t.a ot·fa71or • 
~· ace. Dlfllriob (1951) ........ su •••• SA ·Illa 
'1~ allala or ....... ,. 
imltM•-Vfd•• ot •• Dalt. Ca••· IO.· im • 
• ~1,111 llllrlilMM .Q, ....... eGitt.llR 
1n ~· e&mpWI t'Pott: 1oea1t,1ae a ad I and raft ta·~. tlWI 
loeallt7 Q. 
illlldlll~• I• 
Plat• 2• C.pre 1). 
_I_IM Jrlallllla OebMG• ~1• D. L. .• 1fl4. 'ffl&t8 
~-...... -- o..i. ..... i. •••••• '7,, -· ,. 
11g.. ,, .• 
,., ~ • .,...,., ... -··· J .... 1946., u ••• 0.01. 
~--· Mt • ..... - ... 66. 
a ttltllllr ,..,... lai:IS&l 884f: ....................... oa 
'Ille aat•• ~-· la • .._.. ·111t1 ti.al ... or IU'lle ....._ lfMln. 
hith• laal.· t.lllO aoll Id,,_.• Rftll&JF ~ ....... 4Sa-
Unol• ~ ~114ae. ~- ..,__ •• lael-~ ....... .
10 
d8p Haed .• ~ lfaee at wall ~. fiael7 JMD'f~·f: 
apm,cw.ractl--.-. 
laHBll•a..~ lilt. a..,.a aptlOialft 0.'*6 -.1 
-·aa.-ftd• 14adiftealon 1a left wltibOUI aa 
~-- a,,•e&• ... _.._.. • onlr "'° .,... .... ••• 
-. allove ~all• _.. on tJcud.. Th(I ,,,....._ .. .U~er 
~i• 1111&19£Mta·-. ...... ora•...i .-•.. I• 
\11tlblS,I _,. U80 1NJ. ... 1111-.. •apoa 1'8 -'• ·Iba ea •• 
.,.., .... ~ t.h4J. eoU..-ion. fte specdJNmt _.. ....-. lla 
23·, tlp •. l-2,)• .. ·~ apao1ea 4oee DOI -~ IO ,baff .. 
Mgtuy ob11cpt _..,... 
,bldm•.aat•· of' ,. °'*• CG. ... uao • 
• -atacle .,...._.;· nt ..... ta MtL• apeeiu 
wen t:.Wld. a& 1ooa11 .... A·ud. a. 
,ia~. a. r1.-. 12. 
hr .,_.,., ... M ... 11. I. L•• 195,l.• TW flDiY•• aa.. 
1aon. Geol ••. aepg .. tu •. a.. P• rt. 
21-...u.-•-- •iu. • .i.aa, •• ..-17 ~ 
ilh•lNfn .i_.. ~1Sadl'loa1. llltla._. PNP'lul7'117 __.. 
wllll ..-..,~ . ...._ aa,.-. ••U.-. au,it1-1y • ..., ..... , 
..U. --• tsne1y ,..ron-, .,.._. NCISah •. 
....... et u,. ....... 1.21 ... , 




i~Uicatt-. ad·~ '1M8e cmlr oae •,eeimtla a01f8 • 
~1«t" capertat"e. 1~ ot 1'he ~ port.ton et ·~. 
~s an• a rotmdctd 1:d.'11&1 ..s. eu..a (194.6. p. .. 69) 
atat.s th.at t.~1• apee18• ceurall7. baa • !Alli&l q1ae., a. 
---~~c d..crlW by d•O~. ·~ uoae ot· Ille 
~ .lbov. 111.11a et~9"1e· ·fbeV amm1" be 4etlat-.11 
··~ ,o tb.ltl .,..1 ... 
~szaa·1111--amv-. o11. ,.. ea. :1o. uei. 
2'1&:-••'ftlia .,.oi•• la ~ at- looalt•y A. A'I 
Moalit.y rut 1, la -.. 
~ adl&M Pl•n•• 19'1 
Plate 2• tt..-. l. 
!SS:IUal .. sdalll. Pl•lllr• Fl'l...U.. O. L •. , 1'954• Taaa 
!lalv •• Bar •. leoa. O..l., ..... IM. 21,, P• 111 •. pl .• 9• 
t1&.. 42 • 
• •4feat l•s., .~ 4fttVA'•• 1a1•1&1 end 
broadl7 2'Cuudd; -~ -· 1114-r lftM. blab ·~ 
tna ... ~ o£ .... ta.I • . ,., 1ihit ·ia. r. ~~ ... 
and 1~1 .-... e.-1u,,. ...... tatea...a. al1C,b&11 
0,11.- &Rd··· ........... '111111 ....... Id.lb • ..,. .ttn.. ,...u.i. 
loall~udinal _.._ lbat. _.i, do not.~ l!Na .aw, 
apwtJaN ~. ~•• Ndiale. 
-~ f4 .~ ·~ 1.42 ~-· 




-,ectu ..Uy Netopisalll•.- P11w:r ( 19.31. P• ,155 J .._ 
tiou tJu&, BpMt.1&9 et "1s flPldM .-. ranl7· ..,."b• • 
lf:i ta C~Yaela '1.lat in \be· ~. all .~ hko'8 
spool_.~· tA1a apacS.·W.Ul dlapla.7 the.~ . ,,..._ 
il'.Elm•-'••· oE , .... Cai. la. un. 
218.____..ftd.• .~· S.a l'tll'8J 1& ta ,.,...1n1ftd 
by oalT '1flO lllokaa ~ r,- 1eftl·l11Y I. 
11a11&aa a:11,1,1 c,o0~1 •. JM.O 
,1ne 2. tl4'1ftt ,. 
~- .,-aaa, (d'~).. rn..n. o .• t •• 19'4. 
'-· Int:~ •• atw. .._. a.ol••· ~. law.. 12., P• dSt 
,i.. ,. "-;· 49,.,0. 
·.,or ~~ ~ ._ C.tJtt•a. , .... 1946·· ,. ,. a.o1. 
3~• Plot • ...... 306, P• ·65 • 
. a....aa.-t•• ..u. t• tJw ....... .i.._ •• 
al!1Cb•l7 tie ~1 ~ • .-iv ~- te tlMt tm..'dal 
..._., tdltoh ta~~,~ dial~. 1ddff lian 
lf&h • the lal•W ~. ~· hlper ,. 1dde a.ad. tatlac.4 
-- ·toe~ ............ dla'linctt ........ obll .. .
ltraba'41 •. d._....., ~ ndlale .•. ,...~. 
1tr111111111U,..J111811h o.t tS.-..4 .,. .. , ... 1.47 .. , 
....... tJt ~ ......... 0.18 ... 
.,...,. and. Iba ..... ·~ ,.,..,_:·!dpr.-. .U• Md 
latlated -.. .... .,.....i _. _.. ortaerta t.r 1119, .., .. 
._. o£ ... ·~··· ta Ulla -,.clM. Claabalm (.194' •. ,. ,,. 
13 
pi. !3• f'ip. l•;Sl stales ta&t ·tm.1e 1a a ·~ble apeei.a 
and 1llustr.ataa r--. tbia\\ Ghow t.bis •~lon.. 3oae ot tbtt 
~ •,ow .,..s._a wi'lh · a bluJel. aptae: • ...... ·o.tll.en .. tfo 
soe. lii. ~ ·to thla Mitt.a Bady (l9Sl.-, P• 501) ~ .. ta 
tlatl t~ wtlb • 1--1 -- .~ be ........ '° 
S..SM1.a.dall ~..._ tae ,u1._ aaN• w1a11 ·.a..tJ' _. 
:-. ..itlrftd -. .. Ionia wttb ·1.1t1a:a1 . ..- '° J,. DIii\, 
w!dch a111o. baa.~"** an _..u, 1 ... 
iat.,laW ~ tbtlee ot J• 111t&a.&1•· 
-m .. .:u.t,, • .t , •. -.. ca1 ..... i.aa, .• 
•. ~ et I• -Ma- ...... •t· 
loMlit.Su. I amt L. 
,.-.;1111 laaull.• a10-.,4.p,.. lat.;) 
Plage a •. f'lgure ) • 
• t~~ .. lmd•· c•o.it.1,py. 1o11a., s. J·., ·1,,a, ,. · Bak. 
Geol. 1...,-• lapl-. lcv:. 70• P• ff• pl.. 2- .ttg. lo 
~lUllaa,• kla&Ea ··~·· f'rhlteU. D •. i.. .• 1,s4. 
11\...- UJ:aty•• BIW. SOO.. 0.01•:• a.pt.. lJly.• la• P• "• 
,i.· ,. ftca• ,a.59,. 
,,_ ~h- .,...,., . .,. Oaatl••· ,. , .•• 1946 •. u.. ,. a.oi • 
.,~,.,. Pflot' • ..,., - ••• 66. 
altal&l•.-Twlll .... toi, ........ •llCh•lF 
Clilrted •• 1...-... 1at1dal end ~· .............. .
u~ •. ~ .... the a,ereuml ··and· ... - higtl 
lnlt,lall:,.,. baoaraaa !ION ........ ...,_. ~•· .,_....i end:I 
....._ dlat~ •• .,....... oblicpaJ wall. 811G08b-• t:tnely 
,..r ....... , ...... Ul'tl: Pildtde., 9rr,t~;ld.!.:f~/i~·-
14 
.-~ o~ t~ ap1cr.t.a 0.64 ••I 
a,...._ Gt~.~ 0-.lS 111o 
~eft"ed IO lb.lo.,._, .. fA. a., •• _. 
wt.Ith a ,aber ~J" ....... 1.at&tal ca•II•• ·ad 1aaw 
~. taa:I ., ....... 1ably ft1P1d1y In tdlllb• near , •• 
aJMtrlural e.Rd.. 1'111 -~-- fd· tbia .lf9GlM: Cl•• ~ 
~i. ,1 • p1. a. ''-•· sa. a.un. 1'1952. pl. :a., na. 1>. 
aid C1Ulhman (:1946 •. ·pl. Q., ts., .• 7-UJ ..:W. 111:11.a-. tul 
Ibis 8181'.· 1- a -~. speed•• la tbla· •wty a ,.._. 
dl(trt.lsfty 1>7 LMl&wl• MCI :aoua. 
flu•- tpNl• ooawa 1a ....._ ~· A..-S.,. ·-10. ut 
l&Y&ffO &p· 1a lml- Otdt' Oou, ...... la It.tell Dalata l& 
..._.tat&• lio...._ ~toa (aa.ua •. 19'2• P• rt)_. 11114 
la ._ftllka ,, ._... in bolll ·latt tflo....,_ (·J.ord..-lea 19l1. 
,. 2s> and ,,.,.. ·· (ntftlnaa. 1,,11 ,-..,toaa. 
ffzaGDl••lal·y • ot 1.- .fJ'aL Oa~. S.. 12114• 
....... .,..,.. .t !• 1r111 •. wae tWMI 
IIISl:&111 ~. 1-· •alall1llfll ...... us, 
Pla•• a·. n.-. 14. 
MJM\la -1-..... rn.-.11. n. L •• 1,s.. , ... 
·u.tv •• aw,. aeon .• hol ••. --... lav. 22- P• at. pl.. 9• 
n.ce. ee-61. 
, •. t ...... .,...... ... Ouab .... ,. ·A.· 1946 •.. ,. s •. 0.01 • 
. ~. bot • ..... --. ,. ,,. 
;&1119••·--r•• elonr~"•• tapering,: sl1,lbt17 c•,.t• 
112SUL\ end .. .,,i, po!Ae.t; chUben ~ -- J.afl&hd. 
o.t aid.la ,~ •• ._. Iha llil:b l.nlt.lally, ~as 
~11· b CM. u added._. '8o814ag h1,sber v.a •• ,~ 
Ule ~.· endl .._.. au._.. •••wba• l!a1ell...t. 
tlml!l w&ta t.h9 aurtaee1 wall. aaoolk• .ftMlr ~' .,.._ 
ture t,~• nadlaH. 
-~ at t~ apeaUlflG 0.51 aq 
·~ .r 11....« .,.._. e.11-. 
~-Tne Ilda era.tea .re. IJle. awd&11•-•nt o~ 
- apecd••• -. ~ ~- la ~ 4la1Sratltlft aha,-. 
The . .,_.sw ti... t... aa talU.U,, PD~- eml• ?be tld.r-
11 ••l.1f&afl ~ ·.f4 '2te _._. -~ aa -...-1oa-
abla. dln6' aan..,_~ to lb1e apNif,a. then 1a elao aoae 
•~ or the ftldt.a'9 • ._.. ot ,n.e a,en.-.. u ao eoaple••• 
...... .,.osw haft Nea ,,.... ~, tu apt.Wt_.. 
oa oe of •• ·.~ _. lflNI' t;o 1- radlate. 
a.w 41Nlori'INs Ilda- .,..S.S. u 1Mtcli*1ns wl.ta a 
prdntai 1dt.1al aid. ~ f:1951• P·• j,O) ollauv.t \chat. tbe 
Calttomta t_... ot .,,,.. ,c~ AP• llhtcll h• NternMI 
ID ,hta .,.tea• aN DOI .,SOAIJat•• Uao• 11' ·appeal'8 , •• 
t.hoae torM t.NII ,11e .lelaa eltalk Ill Torm•••• Cid•• lank\C& 
aalk ot ~ are .aoo .-pialat• t,t1t:e C.1ahwul,. 1946• P• 
67. pl. 23 • ftp. V.-26).- lJplltn.&ly tile. rm..., tftllt a... 
l'twre ..i. _.. ._... elon17 ~-· t.o th•-.._, ... ,1aan • 
the ;OalltOfflla• ~ atad; ~ te.-.. 
ilatm•-UtllY. ot· a. "*• c.ai,; • .-. ua,. 
Mi. la• P• 24•: J>l• a_ Ac.· J • 
.a..t,alilral a&alalallll ~ ... i.. 1o11n i. ,,.,, 1,sa. a. Do. 
t1eo1. a..,.,.. ..,._. IA•• 10. ,. a,. p1. a. nc. 2. 
--,,.-T._ 1lawa. ,pady ~-• I.al~ end 
wtOb a 1-1,,._ ,ro1"tdue .... aide, l• 4' • -. ...i. 
~ . _ ut• ot the· NIIUntnc ..._., ...... ft.a&~. 
t#W 1A .VIII, ... latl&Md,, • ....-.a. 1aoNaLna cn&d..U7 
la ................. ~. 4 ........ ,. «-t1:r 
ohU.-,& wall ~ .• n..11 ~tet .,.._. ndlat.e, •• 
Iba .1~ aal• .t.rr- IUs ·~ . . taea~ 
.~ ~ ftcta'cd ......... 1.is· : •• , 
...... '".et~ ....... OJ6 .... 
i&alllliBr!be •lacl~  1a awWllat. w. l• 
~-·_.la 1-&W ._ ~ s,nl•· M4lt.1--1 
~- ....W MA 1Ske17 ._. a v~oa la .S.• _. 
l.Uoat.e tu• ll• ... , ......... . large .. , lb• 
*PltCiaJG ia tba· ao~.. 'ft1e. ailw• ~ a baN1. aplne 
a.Ut11Mt.u aa uatscx •• so 
-~~----... 
JTerloa .., ..... '° ~ .,..i. iv&Ya ._ ...a. '7 
~hrle (1931) ad tol!a (19:51) tw. V:.. 1,..,... t..-.... 
To trhe W1'4r•e Jmowl.._. Uda .,.at.ea hafl.,.__. .._ r~-
-"" ~ ~:h..i.. .......... ...t..-'1.-
'filll!l,,I. ·~ ·~ i('.,...,..'.~111J' ....... 
n 
fint21m••lln1v. ot 1. Date. Cat.. lo. 1266. 
iA!mll!l!•--llMIM&B· et. l•· &DEIDll&I vu ...-. 
as .locall1,1 e .. 
Pl.ale 2• ttpre 6. 
Por .,._,.,.,"" .l1aadr.• o. L •• 19S1• J:our. Paleoat.eioa. •• 
25 •. ,. ,oi. 
Dl1DU&t•--f•at. el.Oftl&I'•• .Uptly _..-••. a•~1Y 
~ ·\O tui• la£trial ~ Wblcb ia qd..o\lla'9S oharl-
beru~ 41a~£not,• 1.nittlally ~ the., M.ch. l&Wr ~ 
bieber "ban. w!.4• and sltptly bflata«IJ ••·.,._ 41,att·ac,. 
olll1que •. &li&b~l1' de~ ~outJ wall ~, ...-\lln 
radtate. ~lng • 
• -Length d ft.pNd ~ 0.21 __ , 
~ o,r rt&Qfttd a,aotaaa o.u •• 
!IIOHiQl••IJSQJi3:I! 9M8& ~-- 1• & diat.~1Te 
spedea tJ&a~ sho14d u, iM eoa.ttlNd vi"'. UT~. Th• 
apioalale iattial end. ae,waoea I.I from R&SA&bl IEl&lMI 
•·o~,. aaaq t19s1. ,. ,011 --~•• ,ha, a,eo,t..,. wlta 
an 1a1,w aptae tllal bant '"'1l•aly.bMn nfffl"ld '°l· 
~ •• anould .. l'eferlWl .. i• !dlll!• 
iZRJdD11•-unl•• · .ef' 1. Dake C.et.. ••• U8?. 
~-Jl• ·f&lll1I W8 CDIIIOD &1t loollllll• '• I• 
... , .... nN ••. , ••• o. Cl. .. u • 
..... ~.1'12 




Plat,e a. ttgve 2S. 
~ sl&dal. ...... ~1. a. L •• 19'4., r- Iilrd.T •• 
Im-. Sooa. 0..1.. Jept:. Inv. 22. P• '°• pl. 10,. 
ng. u.. 
Por ~ . ,...,.. ... lubnM.- .J • A .•.• 1946• '€1. a. Gao:& .• 
8urYey. Prot,. ,.,_. -. p. ·71. 
iit•lll••TH'l.eleapte. a1endv1 altpUy 1-,..l"L 
wt.th a ~. 1a1.,1a1 --· • ....,. ~ • ...._ de-
~ ... ll-.tt•t ..U wlUl altofll. eevea tie· .-..lYti• J;tl&b. plale-
liJce ........ , ......... ~ ~ ""· .... , ........ 
dlwl\er' 0:£ n..-.. .,.., ••• 0.:,4 .•• 
1'11181111~-Mncle .,...._ wltsh Ch• ·above Charae'4r--
1.-1u WN f'omld •• 1...itli .. o and l. flle d! . ....Uo 
cberac~1c tor.ltd.a uat.-•• ta the· abape ot '1lft teal 
_. tu • .._. er· ....... .._ blpo,ftal& • ....... ta '*• 
ebafte~Rlo Gf dlaian _,...uoa lldWaea ....... . 
*lea the .,..1aua ot M&e ool.1aol-1oa ·ebow .,_,. ... u. Th• 
.,.., ... an dldlar· te IJte flPIOi•• fl"CIII lb.e O.,.• Cnta-
ceou Gt PtlrG UlUSl...a by ·,rt...U (194). p1. S6. nc. J4) 
.. ·-··· •• att. I• a __ ...... TN .,..t ... Utter 
~ .lallUlda .._. ta b&dag t..,.. ..... . 
1a .._ w eou, -. ... 1. aa. ball .._ ..,_.... 
1"11 ...... o~ AUIIRta ap: anti. 1-r ._ et 1'47lezt 11111• lo 
Pftri.OU NfWIIIN '° Ille ........ f'l'oa IAe ,s_... ff ........ 
to1W&Uona ta..,... 
!!XPIIZll:•~:1n1v •. of 11. Oak. Cat.. lo. 12,a:. 
SSIIEDRll•.,fh• •~ nfel'Nd to 1111a apeeiea 
wn rare atr local.111•• Qand J. 
n..~ •. z. n..-. 10. 
Iftsie1811t ..,u,wa ,..,.. rnaaeu. o. t.. 1,s,.. 1r.._ 
Gatv.~ Bur~ lccn. 0.01.,, .... IaT. 22., P• 91• pl. 
10. r1e. ao. 
For !~her.,...,_,_... ClllihMn • .z. , •• 1946• u. a. C.01. 
SUl."981'• 'Ire.ta Paper 206, p:. 15. 
Ji&lllfdl•etT••• 1arca • .ienaa1•. c111. • aertt iait1al 
•Pl•& cflambera aub-~ .. h1ghl7 1nllagad• all aeu-17 
the ftN. A.ff excepti •n• 1.l'dtlal ebabar, wbiok la lager 
tfM1ft th•· later eilUMft 1a Uie .,..i.oapbene fOWII aueUNta 
1.adl••!ac~. depftuadl wall wltb 'ta ·t.o t~ ... .. ,... 
coatae ~t alerld .tae; 1.engtb ot tdl• tnt,,• •eae· 1t1.tmtca1;.1q 
to to.rm new oeataet apefllc\il'9 ~. pro ..... UIC• 
ilMll!Jl!IJll•·IMl&lb .fl ftpred; apeetw 2.i.a .... 
d1Meter at figured a,eoiaea 0.44 •· 
i!IUU&·tn••fll• obaftetArta.tes taal helped d18'1n-
ptllb t:11• ape0-.lu r.o.. ·!IIJltM.dl 41fMM 14Naa ln ,hta 
A.Sy, Vbich it. ... ..,1.ea. _.. !Jae h1/lb17 latla..S. ••-
globular toN •t Ille -....-. tile .--1;.er ..... ~ eoata• 
10 
Tnftidad ae ll,,_ t,y .·~. ( 1946• pl.: 21 • n.p. 10-12). 
c...._ 8'1\lee lbat hie 111~. ~-, not- b4t 
•Sdent..toal• to till• apecs.eaa ~ t,y, le1181Ja •\n&. tg ta the 
Wft.ter•s opialH ~ . ._..., • .,..., ............ ~,. 
&nd Mw, . ...-.... ot t!le. eo1..lee&toa_.. ~ •• ,,_. 
.,..1 ... 
lmtm••Uatv. at 1,. '*• ca.· 10. 1219-. 
; •• at• apeolee- ta ._.. ••· 1ocallU• o and 
Pla"8 a. ftgue 26 • 
. a.... J'rlaell• :D .•. L.. 1954• T--.. 
1la1Y•-, Bur. Jeon. Giel •• •lept;• Il&Ye az. P• 91 •. fl• 
10. ftp. )3-)4. 
Per· ~ ~-... Ctl8ldlan•. ~'I-.. ••·• 1946• ti. s. 0.01 .• 
s....,. Prof • ........... 71. 
l\amBl••T.- ~. -,.rlq· ''° lbe ~tda1 eacl 
whlcb baa a ........ , eha.._. d.latr~. f'.,....,. 
U.Uaat ........... wall Ol'D-aud vit,h ~ve to tlftHn 
plat.e-Ub ...... tlaa* .... _...._,at 111• ..... ud rllll 
ttle lenatb ot . _ -.., .,..._.. •aalftl• 4't tAIG emt of a 
~ ...... ~-..,. 1w. woke 1a au~. epedaltml. 
~ .~ ot n.-.. apecS.. o.so. ••• 
d~ ot ~ .,.atMa 0.11 .... 
Plaal-..-l*llda -.u.. a.uaa u a rom 
th&~ -~ •• '8 ~ 1'1Ul aor elber Pol'udall_. oE 
\he 11.etTtt ~· in lerth 1lanfa.. It. ~ ...U b4t 
:iO~ ~t. t'.;,. llp88111ene .htaa· ,u. ,,P,ler~e ~. do, ...... 
•·tdtJmties!.• ~ & epecs.n hem Ii.le ·~ put'& ot· tdle Taylor 
aa.l ·'4 ?aas as 1U.-ntfMI ·tq, CUllt:ml.m t1~. ,a. 26 .• tlc• 
12). c~·• ·lll~oa 9how a ton. viL'l ooatM t.na~ 
U• wt ~ \\bet ·top •~ Ula iu. ~, .__.... Ike· aped.-
..,. ~ ta. ooUecuoa ~ _.. Wm ·Che gne ...... bad ltJ' 
1 ..... ~ Ula .• f!Mtt. 
.,. 
imllll•-tJa&v. et•· llak. cat.. 1ct .• 1290. 
-.•Tlda apcte1ea la nre a~ loc•ltates .a 
ISJIUldl·· l&ad ..... 1845 
Plag• 2. a... 9. 
10P ~ ._ la-11.a 1. 'i•• 19S2• s. Dat. Geol. !v.•r• 
a.pt. Ia¥. 10 • .. "· 
MJMIIIU• .. ,..._·luce, •lotlsat•• sia•Marlr ,anll.el 
1ft ~ ~npb-.to ~. ~ 1n t!i• m.crctttpbarlc to.-.. 
wtWl a abo~ tnltlal a,luJ. •••_. ~-. •s..a1.-. 
ooly 1,- tatla•e4• ·•• \ha. 1.ttcb. aear17 1a. -... 
ala -• . ._... dl.8'1ael• lt.aat,e1 all ¥1th •·•• 
:te 'tea .. .._... ~ ·lba'b rm '-~• ~ ~ the tad& . ,.._ 
~-- (nol ........ , ~,.. ndlat\11. 
····~- ot' t~ .,..1 ...... , ..... , 
Uaaeter et ftpnd' a,edMB O..JJ •• 
R&aslll&n-..c~ t1M. p1. as. tlga. MJJ 111111·. 
t.._ -,.o~ 1P.4ah h rtteen te ae !lslalrll. l&Dli:I · 
&eua.. !hey ·U? ~.ly stmt.lar to s~tl\'ffle !llutrated 
• 
bf Sand:ldp (19311• pl. U, tlCS• 13 ud lit)• ~---1• 
tl9'7. p1. , .•. tic. a; aad. 1ou. (1952 .• t>1- 2. ttp. 4 a.s 
5) aa ~ .. &Ila lealle.. 1t4e ~. due '° la'l.,_ 
~- or -·• IJl'8t-. 111 ... • ....... I• 1&•& 
8hoU1d ".wftM.l .. tw .,..._.., •* e...n or ,... l'lb8 • 
cootM.. ~ t1v,u., .p. 11s-a1•> a ............ pro11ti. 
ruu, &ad.· ...i . ._ 1Jai, i• GUI. lillll· t• nlle and I• 
l&Jall w a _.._. ..._. (:-.v• '° t~) et rtlNI. 
I• l&la\. (lae·l.Stac I- &m11&1 lewN·. of ~. 
1946) au oft.ea· -... ........ 1n alr'a'I& oe ,.-ta. 2a7lor, 
au la'l'&l"'l'e qe m Ille·· Mr· Cea8& -..... la -. 
,......_ uv4 ·~ .... lt, ·IMWJ bean ~~ boa --
llobroa tOlll&Un. Dlevl& (19S1J a.,ort,a I• .lfrll&I 
(,rokbly 1;. __ , t:roa .. Pt-,. ~. et ....... 
llallat--""•· r4 •• Dale. Cat,. lo. 1291. 
•-!• ·dBi& la ·nnt •• loeal1'i.l08 I ad 
lltltadl ... 
Plat,• 2. ~· S. 
A atnc1a apafd- ot' Je1111rJA ep. WU okclaed fMII 
'- .... i. • leeaU.•y .,. !be ..--.. ,... .. ..,> .. llatndl 
llllli .._.. 1a ..,. arid. 1111111111 jlG• ta Ille· ..... .r 
_.... ap1:, it••• ..... ,.._,M:, nt...i d-. 
8PMlaen::~ . .. --- et ,tmaa, ., ..... - --·-· oaly • 
stacl·•• bnk• ..-s. ... la ,.._." ·~ ,.._111...soa. t• 
QmlU.tltillll SelUJlMll~• 1907 
T2t\~ lllatJII ~. 1939 
Plat.a 2. tl&'Vf,t i.. 
~-: lalilll eu11aan. PrlaMlla n. i-.. 19S4• T._. 
atllw.,, Sar. laoa. -.1 •• lttP'• lnT• 2le p,. 918 pl. 
10. ftp. ,..,,. 
,,~ram 1oeaJ!.&y G a atacle .,..1aaa n1110ll!l1.M 
ataalta.l•· .IQlflE· a...._. T1le ~· la ~ M4 
does u& MOW' U 1.1 ,oa••••• a aitwe plaw t•~ an .,_..,. 
or a eplae oa tb9 Wt.W ... bolh cbane..S.atica ot tbh 
a,eelea. a1.-.1y ..._ ..... ~ • .,.the nae eoa'8At Iba~ 
oma111atc the .U. t:be U...M .--.. aa4 u.a. lons. at.rat.pt . 
........ ---~,- .... dac tbat, ._., 8p8dMa -
aaatpect '° lbla ......... 
-~ ot ti ....... .,..t ... 1.21 •• 
~.-ant •• ot ...... ea:11 .... . lffl;•· 
· de 2· l£lali en ... ,. 1927 
Pl&t.e a. tlpr• U. 
illtdlllla do i• .DIil. ·(Pl-,.). 9oliA1 I. J., 19521: s. 
Uatt. ·0.01 • ....,., a.p~. IaY. 701 P• 26• Jll• 1• 
n.a. v.. 
:r. t~ _,., ... PrtueU. ,. i. •• 1,,,.. , .......... 
aur. !eon., 0eo1., _.. law. 22, p. 91. 
m111m1~--~ ~ •• •:ll&b-1, -~ ... .. 
lat.•1 ~ ....... 111Sttla1 ..._. higur 111M ... .
S4 
tboee 1•ed1a~e17 aboTe, wtder •ha hl&b. lacntUdq rapt.411 
la l•~ 111R11 tJtey an alJoUI \Wla aa t11p. •• Ida·,.... 
the &~unl- endl lU't t• ••awb•I tntla1.et11 ftlvu 
41stiaot. llabate, oaly allpcly d~hdJ wall 811DOCb'I 
a,e~-. a ~M Rd ot a nNk. 
··~•ttlpred~l ...... 
di ....... ot tlpred ....._ 0.14 -. 
2HD11&e1•-A t• .,.., .... .,. •• ,,, •ta11&r '° 
9.Etu&lal&• RAU cn,nmrarJ ud 11r1 " 1-aa• .,..1 .. , .i-
v..- Ill• apwl,llftl ,~.u ......... cllal.llld, ... 
o ......... ttl7. do .aM glYe a aood. indleat,ioa •l' Ula .,..1 ... 
The tns.,1&1 sptae ot-. ~tao~_. 1a d1-1a-
aa.tehillC IMt-.Wftft. ~hla -,.ot• aa4 .Rlll!il211f et.!• SBIRil&M 
•·o~. n1iu1aa11.1 a1111 eub&IM w ....,. watcb 
nuln a lenalh oe ._... tb&M lh• ds ............. ~ 
d.alC ot .Qh£ZIIAt&U9 ot. !-· mDU, ll&a ....... tna• U9 
•~ t.wtee \be dl•e.-rta 1...-.. 
Cana 1191+6. ,. 1)6) ..,. .... "1• .,.., .. .troa 
nnu ot Ta,lo• awl lawan qe 1•· Tuas ad atnt.a ot oa1J' 
lav411TO ..- ta Ark ..... ud lUnlaAppi •. Uao· Bella (19S2. 
,.. 27) ~· the epael .. fros the 11obara fonta\:ioa Gt' 
:loalh .Dato, •• 
e~. £• .IEI&\\ wre eo.umoa •- loeall,,. I &ad ·ran at. loealil'f 
o. 
15 
Plaa• 2. rt...- 16. 
~ a,a,a,-, ne OWlb•o• '• '•• 1946• U. 3. tllOl. s.....,y. 
Pl!or. Paper aos. •· 1,. 
R&allll&t•-T .. , .,.-. 1m~1a1 ·.ad bNNldlr rouadet1. 
aptl'l\11ti ead potaledt ~ ,.,. la •Ullber• tatlatdMI. Iba 
f1111tt.· alo•1Y roud.S• ,h.s NCo.n4 _polllHIIJ ...._ dl•tana 
nortaoatal. ,.,....... 1Saltat•J wall ~I apen.._ oentftl. 
,~17 ruta.. tao, elaarl. 
H .~ll ~ t1CIIN4. .,.etau .. o.'*3 ••I 
SNatut. eS..."r •t tl&m'N . ,..,,... 0.35 •• 
l&ltl\td!l•·••t'tlMr ot ·u. .,..,...., Nfttrred ,o Ude 
.,.., .. abfN. 1beapen111'al ebaratrteriet-les well. aD4 CubllUl 
(1946• P• 76) obeerflta thaw apeot,.... GI lhi• apeet• tJtora 
tae Upper c"'....,• or !rtat4acl 4• aot. ,. ..... well pn•vv•d 
a,erttaral enaftOlen. le•fftbelUtl• ~ .,..1 ... ln tbte 
co11NU.• .... ldeaU·eal lo tbe .,..1 .... iUaRrakd tty 
c ...... (1946 .• pl. 27,, ttp .• 31 a11t1 )2). 
·!be .,.01 .. ha• ao• 1-ea nponed rrom 8ttber tile 
ll•ltra.ra or Pierre toftlllUoaa fNYloualy. I• ..... \Wt be 
.... ....,.. 
t1111V11 .. -V.S.•. ·'4 •· ht. c.. ao. 129s • 
... z. M•aa ... t...s • 1oea11~, , ••• 
l.118'91111!1911- ... 
Plah I• ft.-,. 15. 
PJ1see,&1•-r .. , tu1rona •. abo• ~t' as ltNe.d aa. 
86 
loag. blm&-1.y pointed a~ eaeb tmdJ cuabera about ftq la 
a.umber. the last akiq up abou, ona-hal.t the 1.-ph ot ,ne 
teat; a1&vee d1al1Mt.. ace)* in the earl1 po..-1on1· •lilh~--
1, depnllMCIJ &pert_. probably redla$e41 at ~b• ad ol: a 
""" abOl"'t aeott. 
.-Len••~ f1..-I apectm 0.25 ••I 
areatu~ .. dl .. wr or n..,... 8PN1'1ea 0.1s •• 
O&fDU&ta•-on17 ._ a,-et.aea ot Ilda •PNl• ... 
&Yatlable, • the ld,...-illedion _. laft,, a& ·tt1e genesata 
level. ~ 001l41t.loll •~ lbe ~ waa aucn Ubat a clear 
4'taortpe1on ot it oaDnO• be given. Addl~ioaal apeolmaa• ·MY 
disclose thia apectea 1-0 be flt!IIHlldlllal liaelMI 
(Ol.sffWtlkl). ba tbe eridence tor.__ 1daDt.ltloa•loa la 
tuu...-ttoten at Vala ,1aa. 
aue,m .... u.1v. of it. Dalt. ea ..... 1296. 
·-·•Incl•.,.., ... uetped '° "'· .... 
tlslis1l11l1Bl&M _. PNW\t. in tile aeapi. "'-• wu ~ken 
b'oe loeality lo 
CJ.liu:&a d•·O.bipf• 16)9 
2'11Ut£SM .ullllllkll (Cwabaan). 1930 
Plate I, tlg_. 24. 
ti·n•t&tda alta&nnab cc.._.,. ladr. o. "·• 19s1. , .... 
Pu...co1ocr. •· a, .• , • .-ts. p1. n. nc. 11. 
,or hrtt&er a,aea-,.y IIH· ll'laaeU. D. t •• 19S.I.. f .... lat••• 
av. Bcoa. 0.01 •• a.P'• luv. 21. P• 9S• 
Mtcattll• .. T••• .i...-•• htply ........... denal 




c:b~ t1QtN:1'0U8• ol,U·qu.e .• •Uchtlr Ctll'Ved• 1acnaa1ag 
reata1ar.l7 la bread1m a.a addedl .,.._.... diat.inet• abliqw,• 
Uabate, CQrfed• sut>-parau.1 •• ·U\e YeUW"al edpJ wall wtt.h 
rtne co•t.u paraU.l ~o the clonal edge.. .uually ut, -·,..._ 
cnNiac ti1e a1&urea1 8Pll"'ure ea an .-eae:1n ot ttt• denial 
eace. radiale. 
!I .-~ ~ ftgured ., .. 1 ... 1.0IJ .. , 
brMdtb .~ ficared apeclaen 0.11 ••• ,alclmaN ot t'1pre4 
apeetaaa o.o.e -· 
2ln11.ti91•-il&Md:II 111\l\WM (CUatlMID) 18 • 
dlet1acttve .,_., .... U~aaab 1~ t• like 2"'11G& lan\11 
t Cuahmau) th• -.o. MJ' be diat.tncutued by the ~. Wblah• 
111 i• BSIEIHI• _. lltllled ~o the· .-w••• 
A dlae~ uta&e 1A th• u1,.,.wr9 u to 111bdber 
thi• apeoiea 8bmlld; be ....... to Ule paue CJrwadll or 
J!llanJ1d,a. ta 19n landr Cp. 495J uatcaed ~r. - tlal!Qetk 
on tbe ttula or·~ tlatl nbl~ ·teal· ldtb ~ 
tacreaet.ag nptdly la bnadlb ae ·added.• ?kea 1819'4 
f'r1...U llated; the apeci• uader -.. ---~ W&!tEIM• Ao-
oordlng ,o 4eacrl,-1ou o~ '11• two .... ._ it.....,. ~ba, 
PJa!flll!&I ·llhetlM laclu.ealr thoae a,eotMM wltb coiled 
1n1,.1a1 cbatll>8r.8• ud !&IIU:&B abaUld IMt mJed tor Ibo• 
Species llboae lftitlal cJu116•re.,. eloacn• u4 aa. obltqua u 
Use later c~·~ tb• -.... 
CtlflbMD (1946• P• 79) gl."9 &• llflPi&IQlllll as CG•n• 
la nrata o, hvano age lfl Tme, Al'fam••• Xlaetaatppi. 
,, 
•• 
troa heda· Mlov lh• la'l&nO an on.a ran and ---•J'Pleal. 
ilmlZll•-Ualv. or u. Dalt. Cat.. 1o. 1297 • 
• --Thi• . ,.clP ... toWMI at loca11U.• P. 
, •. x. "• end r. z, 1a ooaei..._. ...._ ate laaa11U• ,. ,. 
Mel I and co••·• a. olkv 1ooa11u ... !lie e,eatfl8 la 
1-wd ebl.tly ta Vie- 60 ar,A 80 lltNlb. pm-alone o~ the a-,,1 ... 
n.,. a. ttcure a1. 
f.na4lSB11£11 . st1Jllali ...... fdwll,, D •. L.. 19'4,• Tme 
Unlv •• au.. Icon. 0.01 •• a.,-. Ia11. 22. P• 9'. pl. 
u. nca. ae.a,. 
hlr hrlll•r a,aon,a, ... -laadJ' • c. J..,, 19,Sl., Jov o~ P&len-
'9loa • •• 2,. p. 497. 
Ga11 ... .,_..... ta t.a. .. u..-1 .. ,. fttVN<l '° 
bPa!&&'lllftdl- a&I.Cllll. 1em1a. lNll- la t11a In d.....t,Uoa et 
.... .,.. ... YffY •11. 1'h8 .,..,.. ,. e1111.·1ar '° l:Mlllftt-
~·-·mun ~lfornw) bros •• lloltrara toaa•lon ot· 
eaaw. -. -.. ia,-. 1• ... 11-~ .z. aMOIIIJ. -4 lenda .• 
accon1,c ·'8- ....._ (1914. P• 19') t.o ,.. ..... • ~17- l'OW.11• 
ed pe.r-1,a_., t.a -. ••• ralller \baa a £la • .,.. 911&b.&ly 
eaaoaYe pwlpb-, u i:bfl .,_, .... ...tan• 10 t.bia .,. .... 
--~ 11d n...-. .,.. .... 2.9 -··• 
Id.All of tlpNd .,..... 1.0, ••I 1hlotcu• ~- ttauecl 
apeeiaaa o.u ... 
--··111d;tt. of' •• Dalt. c.~. .... 1298 • 
•• ~ .,.., .. , 1*lak 1a not lmollla ·-lo MR 
89 
'tNM&. pre•ioualy reported tnm 'the Pierre an&le. vu toun.d 
oal:, at loe&U•y ,. 
bllll10!9P41t1aJ1£1a lfedelde. 1,,1 
"'1119"311U.9Rild#l •• A 
Plak 2• ff.pre IJ. 
A aich epeo1ua la ...... to bllltt£mill11)rdJI 
ap. 4. tbo pNloot.4,ue aad cbadNtn· 1..,.la'l•lY 0011• t--•v• 
'*-·- tr.roll• ..,, • .a ta• uppw. i-1ad.atnc, ~icm o# ta• 
•pao1atta •ova lb• leSt. 10 1te elonsalie., *'"'°"• Wlto. __.17 
· puallal. atnt.gbt a1dee 1aat. -. c~ .aad YIJdbly coa-
ean, and tb:tek ta ed:p Ytev. Tbe obaben _,,... IO 1"I about 
etz -or .-.ven ln a recoaa~•ed• oaaplew 1B4f:d4ua1J "• 
niatd· •utllftifl ue atgmoid. a.a nearl:, '8nger&lia1 '° lite sU .. 
ot ~• ~, t;he apenun la raa4laoe. on the -.cl et' • short. 
m.tek. 
Tll• ·~ dUten t... btRCmi&.IP)tt\a 
&l•rJ• (,....lt Wblob hd, ·~ ...... ·---
!l&nitrill .Kllkll• (4'0ft'487) &ppaa.t'8 to ·b~ ~1rtder ttum 
Iba spee1aea ao·-haftd:. 
-~ •t tS....S ·epaciMA 1,.41 ... , 
w1,1n ot t~ -,.clMn 0.2, •·• 1t.tioknua or~ 
....... 0.14.-. 
im51.11•-ltld Y• ~ JI•· Du.. Cat1. h. 1290• 
.......,,....oa1aria ep. l ta ~ la ... ta 
•udr behC ...,....,.... by• a11111e a,ec1aea troa ·1ooa1,,, v. 
t' 
90 
Plat.ct 2• ftiuN 32. 
Two _..._ sp1e1.lleml rroa loeali:t1 v are not euianad 
to a parlioular e,-,tea •• enl.7 'Ill• upper portion ot tbe ••~• 
1- preMrved tor 1.._lttoa~tea. Th• •~ are atJdlar to 
biWCaailalldl. UDIIBl,&IB <«•or111cavJ 1A .._. ·wt 
.Un l~ 14 ..,.._bl aUptl7 ooau-. staarea aeu t!le 
_,.rt.-.. 'fh:e .-1Mna a1eo reaaeb.1e l£9JMUS»le:da '81:BII 
lltMae• au ~1114&SS1d1 .a.\lai&iMII <.._> la ~ 
~-1,08,• bf&. ~ fli' taoN .,.OlM !la.Ye & ~ 
pel'tpber, 1a edp Ytew ....... 'IM~Kll ... 8 
baa a tl'tlllea"•• fl&&, Pll'l'*817• 
.~ ·ot t.tcued .,...... a •. o, ••I 
wl4Ut. or tlcved apecS.. o.is ••• t.ht ..... ~·· tlgured 
·~0.20-. 
iD.Rllll•·Udv •. el 1. 1lak •. Cat. 110. 13·GO. 
.-,~SSl1ada •• I waa rare •• 
iM.t11 ·Walter ud , .... 1191l 
LuaW ... -::.~ 
Pla• a. ttgqn. 10. 
htr ~ .... 1111• Dll ••I••· 19'1. Catalopa ot 
Q&-11•·'•• ow.Id 1n ·dcle d•• °'"'11.aP· la end 
ri•· wllh ............. lai&lal -- ... ltd.oiler. lone-· 
91 
v,. a,ertural aeetc1 .U amo11s. bya1iae • 
• ~ ~ tipred ~ 0.,19 ... , 
d~ or .ttgliftld ~· ·0.09 -. 
QilladD••Thtt apaoill8lltl ~_.... • ~ ..-,lea do 
-* WD14 any ~ .,._,...., t4· I.be coUM"°8• The1 
4Ltfer ~· L- lmf.l .,... 1111.SIU' ·aa.ty 1a ._.. 
beta& ·aore ~,.,,, Md b - a bua1 aplae. The 
--~ all .. ,.,....,. ._ tNa. ,a_ a;,. a. 
1i.ral\m•·unl•• or,., n.. ea•• a.. u01. 
QsJwlDBa•--The epeot ... ........ to tihl8 flPICt• 
ocovred at locelit.lu 1. J• .ii. o •. and u. when~ were 
-YBlfl -2'11:dl ~. IM!Slllf7 lruldy•· 1949 
Plat.e 2. tlgure 17. 
For~ ... laadl'rt o. '-• 19'1• .,...-. Paleont.elos,,. v • 
....... -....o1 :ttpnd. ~ o.o,·-. 
,,, 
--··"'· ....... la ............. tu.1. -
lhe .,.., ...... _,.. Ukct Uri• YVS.•r d....SNd-,....., 
,' 
lbaa -. _..._. to.,a. 0a ••J:r • &w oe the ., ...... 1• tile 
-* ~- ~ wall ta 8'l00Ut• ~ ~. a,c1 
91 
the baee· 1a wtthOtd • .,.._. !bla la._. •~ aq be 
im!m•-'at•• ors. DaJc .• ea,. 1o:. uoa • 
•• a •. ., •• , • .,...,,...,,• •bu YU'teay 
--. ~ •• 1ooa11s, .. a. 1. x. , •. x_ a. aad ,, ••• 
ail loAli.UM P • ·1,• '• a, s •. and Ill ·.end -ran. •'- localiU.. 
c ••• ad,. 
.LIIMI.IIP•·A 
Pla,e ) , 11,.._ 14. 
»l.latfdl••T.- ...... rop "'- -• ~OM• 141* 
· .1 .... plale-lih ...... Utn _.,,... to .......... "'9 
l8lllth ol lbe .._, .,_.. . ..U.••• wll.• oa .._ ..s ~. • 
-~ ..... 
..~ ot .ft,... .,..s.m. o.69 ... , 
,......, ....... :Gr~ ..,..s- 0.44-. 
LIIISI. •• A 1• - _.. . .._ .... ta•.,..lllea .. 
..... la ........ ~- '.--~ ............... .
~t, ...... ,,.... ·- 1 ..... ~ ot ...... ao \bat, 
lb-,, -. •1Ml..,.. w• ••e Iha Upper ..._lh,..._ ot Ille ...,. 
Tkl• ...... : ftff..-. ...... ,. .... ,....... 
la. -,e:• • lellll · 8P• A la ..... , ,... \IMI· lep .91· .._ teat, 
......... -... ltl-talillll<~auJ:aeebJ 1a 
~ .... lld9· -,.au. Ou . ._, ..-clu ·~ ill Ill •• A 
..... ble• la Lat8t .IUIV&ltl n.111 .. -. ..... Ula ·ia.-.· 
a,1.ot• au ~ 11:ur1 .,. tt•r _. en ~. \\tula ._ .. 
or· Lll.tDI. a,. A. 
tmlm•-untv. ot 1. Dall. Cat.. lo. UOJ. 
l4nQI IIP• I 
Pl.6h 2 •. ttgtwe 18. 
flan• epedaeaa ve oaly w.autled t..c, . ...- • \bie 
..... ?be ............ .U ....................... . 
rounded ill ~. llde - le), d .... wt~b. ..... ..,....i 
•'*• Tee .. u at.a ad ..... or • 1tu·a1 ftNk ~"• a 
Ni'..-al or a..,...._ r.. italll&a 11111aM d•,ort.'8117. ai-
~. Ibey do ....... la ·tha1l llplOlee. tae,, . .- 100 rotlld and 
do not !lave a long ··lMJO.k aa .,_ '8&111 &&DWI •a.an • 
o. 
•. ~_. ot ~ speetaaa. 0.41 ••I 
1:D11·111.-1111v. o1.· •• •Oak. ea, .... uo,.. 
••IAflllll .,.. a la ran a 1ooa1s·,.1ee r -« 
r..U71.-......uetda• 
11amrata11 .......... ieu 
llatadi!ia lh1'41D..._• ltU. ~. a.t. n ... ler11a• P• 
43,9. [AB WUlttll.1• L L., 19S1• u. •• Id.-.. 
aau. m. •· u1]. 
llnfrlJI• .£apr. 1889. ·~· .......... ......_ OlaNa 
11. "·• n •. p. )l,• [tltt GaJ11&eW• 1. 11:., 19S7a :a. 
1. 1a, ..... auu. m. ,.. 1,1]. 
The· roUOld.lc· 41...,at• ~ the aeao 1-1&1 1• 
taltan £:ro. Gall1ttilt (19S7 • p., 1)7)1 
T'/Nt. ca.1 ...... bl~ or, plmdllPiftl 1n the 
9-ra.PlJ' staps •. ·~ pcerall7 1ntla~ed. clo'.bt.Jlar 
to "81to·fth '..U. , ~:1 ._,.,. 
atsoth or· e&rt.ate •. 4porl).,. ....i •. nlaitvel7 ia.o. 
villi ailapla ....... 
Aeoo~ to a.llt..W•a dtapod;•• illta.1111·_,. •·~ 
not - .la.ttially plalapiral. 
IJlllfaftl.&11 ,,.. de..-lW bf'· ~ (1ft7,. P• "• 
:'"110.111tell1• 19'7• P• 131) u 'tllNilJly ·CGU.S la 111e·Mrl:, 
~~the·· .... 1a ~~--~-ton.'- ,... ... 2,, 
co.aplitt,ely ld.aerial 1G ta• -'· t-. tal11-1U. 
~-- u., mallarl•T or~-.....,. (,Wh and: 
a.»ktMdai .aftd aaad.Md ewer JOOO .,,.., ... oe .,_, .. --~ 
W b08il autaaarl to latti&M:• Sile OOUl..S taat .fdnee 
Nib ....... tuludfld ,__. ~" .... attAi• ~)' ...... 
Hftal or Mrly o.o,ii.t. Ille tilfO ..... ~. and ..-
,......_ .GIIEIIIB • a j~ .,_.,. ot illlliilllll• The 
wtter aeo-,ta Ga111..W•• ....,..._ .. ot IIFILtl&a at1 
ntua lhe· ...._ ·10 heP ,.,... tw a mn eo,aplete diaoaaalon 
rd thu ~-
Plat• J. tl,gve s. 
ii9IIJIIIJ11 c ...... ID11a_ s.. , •• 1"1.. s. Dalt. 
Gee.1., ........... Im'. 10. p. 40 .. pl. a. .n.c.. 1, .. 
~-. PdawJ.1 • ••. i-. 19'4,. 
, .... ;. ·-··· -... -. dftol... a.,t, •. xa.. n:. ,,. 109. 
pt., ,.,. tl.ga.. ,,_,,., 
fv ~ s~ .. CWlb1118a J. '•• 1946,• U. s. Qeo1. 
-- -- ------------------
" $~. Pro:t. ,.,_. •• ,. 106 .• 
. _.,,_. ·~ ~., .. ~. - -- & ~.-
pltml~. Udl\tal ,....,. laperl.,.. •. ........ , ....... 
diM\1~ • ...U, wl.,. u.n. ''•• lalR tw .~1 _._... 
a.~, • ..,. • ..,.. ~7 ellPffd• eoaea• ........ , wall 
tt.,ly ,..r--. ... tllWtlr ........ , ~ ... 1arae •. •• ~ 1-la 
ot ... laA ob ..a.r. 
-·111At1:---- d n.-.s .,..1Ma 0.)1 -·· 
.,..u.n 0.09 -· 
i\lllllltl:••I• ta -* 4lt'tl-1• to ..,..,._ 1dde 
8PNH8 r... Olber..,.. c~ -,.ot.Q Id -I.I• 
a. --~..nr ••• ....,.. will\ ..... •hd .. 
~-'~-~7 ....... eenoa• ...,_.. are d1aguatio --... et 
Ilda ap,aciee. 
c.._e C1M. P• 106) ........ ._. . .,..., •• ft.toll ••-• 
d -lo· aid ......... la .. ·<hilt ·CGcal- ........ ... 
Belin t1,s2. ·•· 40) tNta. ~u ....._ r.,..,,._.14 s.-. . 
. ~ Cid ate'Vtea t1t,1> hM the ft.,.. abal• or ..._ ••. 
--·-U.S.•·· t4 , .... -· ... uo,. 
IG.-.&11· lldlll , ....... 1. UH 
Plate>. n.-. ,. 
111:alal:Ull lldalt ·ca..._.,. bhaell., o .• i-.. 1,s.. r... 
r.lY•,• IW• .lcaL leol•• lllpl,• IaY. ft• P• UO• p,1. 
"· ·ftC.h·. Jt-40. 
9{j 
For nwtJtiU! .~.,,. Baa47. o. i... 19Sl .. .:.wr. P~ 
·utoe,. "'• JS., P• S.10. 
~-:·-~ ·~~ .•. or 1nt•w1, !1 
wt'Ch a Ye&T 68" planiaplral. -...;, • .._. •~• 
~1, .. &1t6ul-, .--.. c.thtiaoo. ~"• ..,....,,.. 
horlaalal to '81lellt1J! ottl.i4i0.J wall wllil ni. .,.._, • .,, 
~UN lop• d liMI·-__ fl.I Iha l.afl· ..... .
~. ·-~ ...... , .. o.z, .. , 
~:th et· .~·· .,..1.,. 0-.l& -.., Ult ..... ot· ft_... 
·--s..a 0.11-. 
UU•&a••!Js4' .,.,s ..... aatd.&n*I to tate· apeiea 
an all •tJrta••• .... flWd.ae.a•lr •. ot.:h_.. p,orl,1'. ·WltJi a 
aaort.nea,t.OA et .UC• lt _. JINalltle to obllene the e'IJ'l• 
as.ona. or • 1eaa1 '*• .u.,,...~ ot ~.._,,_.. «1 all or 
the ~. Predoua Wit._. have usually ~ t.11• 
~ of •~loaa • ~~tlc ot lhta apeet.ea. 
-=·--= (194& •. ,. 10$') 11.tR .. ·~. 1$. 1• pooatW.· w tittter. 
..uah 11•m1&&1.·adlll· ,~, tl'Oa .utlfllAIMI 
~ (Du!.._.) 1t7 the a..raos-~. le 4...-11*! 
I• tdeJm.Jtaa • badac • ...ca wall au etat,u thd Ula 
•&• ~uw .., ue11a • ao ~__,,- ,o ~ •lMca._ 
11••·-.11 ...,. (19S1• p. 510) •-Md upoa. the ......,. 
~- oE lt•- Gd&Y·U -~ .~ .a.tt. aJ.,.. ~ nU 
ta a Gtt~ ~M waJl• Mfl -.k Mt&• fW Wla. ...... 
8'l'lae _.. ...Sl7 ...._ ,.,. i• 11·m1r,.. .._. t.M· .... ,. 
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NI< 
a• 1&. a~--~ 9P11tilJ8 h&Ybc 
~ reoorded. t..-. $0i-au or ~ta. Tqlor ar.ad ,,..,,. 
489. ia :tne -~ ~- r~t• (OTablMrt• 194:S. p. 10,; .• t.he 
l~ .~· ot @&le.at& t.~Y', 19Sl. p. SlOl ._ tbe 
ff.~~~··~ (Dl~~ l9S1) ............ 
~ 1a.-U1.s • I• ·.·dllma· ~. tae ll!ob1NW4 .. ,.,..._ 
•t• of lebraab .and. ~. ?hlkota _,. \Ml .i• 1111111-· 
,,ma.•-~••• o1 s. °*• en. ·a.. .. uos. 
••\'bta ~ _. ...... • looallU• 
, :J. 1 ..• M•, Ff• O• I,. _Utl T end o._. d leoaUl'.l• I• "•· ti• 
J• '• "• ••· Q,. •• •• '• ••: '• -4. aa. 
?altoYltPI., 1'91 Id&- Dll!)il (~). 1854 Plate·,. figure,. 
~ .. Eillltt. (·~)·. hlwll• D;-. L.e. 19S4• 
!- Uld••• a.r. 1eoa. Qeol•• lept.,,. IAY-. za. P• 
10,. ,i. 1,. nc. u. 
Par· ~-· ~ .. ·Ct1abm,1• 4. "'•• l.94'• i.- .·S. tJaol. 
IJGr9ay. ,,,., •. ,.,.. 2m. p., 101. 
Die· t~ ~pUoai !a ,t:vea _., ~, (lM• 
pa. 102) ot Id&- .,11. , ...... ,,. 
Teaa ...... · .. ·.·.·.: .·,,.,,· ·.·· .. · .·. ~.-.·.·.··. ·.· · .. · ·.· ........... ~-:i.·.·. --.· ..: =.~ crloari1Y ioUM .PIMintnl ·.lb a 
'.·· .. __ ._.--.··.·._ .. -n .... ·.· .•. i..r .  ·1er_.··~·-... ·.· .. · ... -... ·.·.,.~.-· .. :_'· ... ·... ~. au .. -.-.·.· ........ _·. 
•• ec1 ..,.. u. .w..- oe tae -• ;~' -
...... _.. ·.. ·'.·.· ........ la .. ··· ......... : .. -.. =..i.·-...... t, ..~ ,._,.,.. ... _  _.··.,·· 
.-di ..... ;a. ....... _ ... -.. .· •· .. elL\i4'ie1Y ..... 
..... "811 saoelb ad pol~. ~. ftntt1y ,..r...-.. . 
.~n or: rt~ ~. o.62. -., 
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bl'8&d~ll ot rs~ spactmea. o..u -. 
ll1t•i111-.-Ttte ape,lNu or Ute coU.ffioa cow ..U 
ta• cbano~to or· cbaf4era -tbati ere !l:1.,..-· "*1; _.. 
1'bal ~tw eer1caa1r· ~ eeataata vt~ ....... 
- v,pw a~. Bli&l&aeadl•· J• ~ (~·--nanJ. 
el whldl Cuanaan ('1946 •. P• 102) ..... bu _..._. cb:I....._ 
-.. J. ttall• 
la tlle. Ou;U· a·oaa1 ..... J.· r.811111 , •• .,. OtRIINI. la 
SU.ta ot imt,la• !aylor Md lllY•lll· .... ~ apatllN fla8 
·not; -~ NPo.._ t'J.'Otl lae·. lls.ltn,a t~-. lial Dltllrlob 
fltJlJ tomtd 1, 1a~ ...,.... 1a ttl• i.o-.- JNW1 or •• a_... 
amb'lll.,-uat.-. ot ·1. Da. a. • .lo. 1)01 • 
•• :tc Ible n.ty I• aali.,. _. ~. 
-blll ,ontone ot 1•• -~ wn f'ouad le IHt Nmnn•• la ,he: 
~ troa 1oo&u.,, .. •• .:,,. :L• •• 1.,-0. Q. 1. s •. -ii. ad -w. 
,.--.17 IGlldaldae 
1.!1111111 .. ~. 1126 
Plate). n...,... 1. 
11\'l'a&• - , .... al4 ...... , • ...u. o. "-• 19Sft. 
,..._ 1111••• av. 1t1oa. 0eo1 •• ~,. IaY. n. p. .. u,.. 
pl. 14. nc,,.. u-,.6. 
for ~ .,...,... ..... ....,.. o. ··r..,. 1,si •. '811P. h]. ..... 
I01-a• "• U• p. JU,. 
i!t-a.•TUI·, -1«cale• -.... only- dlpUy ...... 
laC 1a tAe 118P~apbi'irlO .,...._~~la.._...._ 
sphcWlo to-N., onea w1Li\ one w ,.,._ iaStJ.81 .,._., ~ 
l:Mln 418'tac,. h\tla&ei in. Ille k••• ~ ot tu• \eln.J 
a\llNS 41.fllaot. -., .. .,., wall. ftael7 ~--., bl ,me, 
WUal pr,rtion .ofta ~--41 -~ ei...-•• , tdtb a 
.Uah~ u._ a...-17 • ·tu..- ., 1tte .... .
•• ~ oft~ ....... 0.71 ••• 
_.._.. __ .,4 ~ .......... f>.)1 .. 
. • ....,, 61' 'tile.,., ... ~.· - uw,. 
epee;t.ea hfl• • ._..,_. tm•W -,. 14th - badnc ._.. 
~ ........ , ......... ~ ....... ... 
.._.• abov • WUal ~ilillf ._,.•while~ 11\We 
~ .. Ill~ ...... ·u.. laltial ·-ff·~ 
Mtrtu•» ~ ._ .is•-• 11:t Ille ,ertontloca or 1;M· .u. 
Sn·~ W•lal ~- ot- tb• Mill• 
Ul d .-... .._.~•• ;_.. typlcal .flr Ilda 
a,eetea • atva bf· Callh,.. tiM. p. 121.). l ,tw ada.Uonal 
.~ an t4W:.l0\$ -. ot ll8e ~•••• l)s Ibo, 
and Ptaftw u -.. ca ..a alllller Md lntla•t• or ~ . 
• ...,., .&hal ·=-· .. ~ ..... Iola ,,a.et... t• •• 
poMlllla ~hall th• tallW _.. ho Nea bfflaD ..._.. staoe 
...._ ·~ .,..1.w. _.., Wf.lOUl1-1Jd M'AeJ' "11118ltH 
llllataa ,iall1111·111. tole. • ---. "111. ~- ....ab-
.n ro.. 
........ tau.Mt-.. ...... 11..i. .•• , •• 1a .. 
..,.,. cneaeeo1111 d ·~. (~ •. 19Sl• P• ,U..,U) ad. 
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a th1'I Pl.,.. -abele ~- •~ rns-....a. 1951J. 
IJIGm.-lflllY. oE 1. !la. ea. .• -.. 1308-• 
•-I- - .. ~ •• loo&ll•tee "· 
c., I• I,. J:t '• i,._ 1., '• 'l.- 11 '• u •. aacl n. 
lallllu&l ........ lM 
-1aa:-1 _-t~ .. , 
P1&1G 3. ti.pre- 7·. 
A~ P-t'JMa_ lffallt,y I iii~-'° 
·._...ient• tdNJ •. IMS- tu. a,.eta• ..,..,. ·• be, ~cal 
to~ 1lla11Nled -~ cua-,, .. (1946. p1. sa. ''•· 111 
1':toll. -·· 11,i-, ~-,-of',. ............. (1946., 
p. "126) ~" '~-.,.., .... Sa ... ot 1be 
~-....... - ...... , .... UlM ... ...,. amb 
vola'.tia la Ute genwat abape aad. relaClM ...._. t4 lbe 
n..,. ••• Tble.,.....:._ . .., ... ~,,......,._ 
~ ot tsaued- .,.o1 ... o.ao-. 
-----·· et' •• :"*• ea. ....... 1'09. 
!.IDllla.••Wa&tY. 1116 
DIiaiia, uaJ&t:f._ 18\wa •. 1-.., 
Plate). 11.cn ). 
,, ... ,. Bello. :1. J.. 1952- s.. ;Jak. Qeol. 
5.-va,, 1ep1,. laY. 10. p. 46. pl •. ). -· •• 
DmMII _,_. ...... r.1..i1 ....... '. 1,,-. ,..._. lnt·T·· 
1ar •. ·-. .. o.oi •• ._. XrtT. a. ,.. u1. ,t. 11,. 
naa. aw1., 
Fop addtalOfltll .,...,_, ... aa..tr. o. r. •• 1,,1. , .... ~ 
~."•as,.,. ,u. 
--1'1••'-' ~ . .-slF ·~ .......... 
......... d •. lntt.W ._ ~· ...... ,ell..,._ la IIMI· 
... u.- ...- 1ndl.8'Saet;• Ww· ~. oMS.-., •11ab•17 
l•W L~ the at'4•t ......_ obJJ4a. •liebtl, dapn••J wall-~· apal'I .. ~ ..... ~tr.: Ille 
bete .o, Ille 1ae, ahflllhlP '- M.- .,.. .
.... II t4 ~ ....... 0.47 ••·I 
~. ~ ~ .,_,.._ 0.14-..l tai,olmeN· ot ~ 
~0.10 •• 
~ ,, u 1-,1•.Sbl• to.....,.. clearly 
W11b a&&1.tloa1ll.., or 1401 SE Ille arl7 .._ In. U... 
....«t ... ·IJI 0011*1. '' ta Wilb: - ..... s .. U.t tab .... ~ 
aaat la ...... !be .,...._ ,....,.le· 1111• (a...,,,. a ~Ir ldr...aa& ,._. !Al.-. _. ·*'•• 
...... ~ --- ..-S• ...... ~~fa. --
la&e ._.., -, ..... '° be _.. ..... ; ·lhatl !• 1•1111· 
Ot.tMw···ws._.. ,.,._,.. ..._ •. t1946. ••· UOJ, • ....,. 
'1d· s11 or 611. ·n• e,1d ... 91· I•· ,..;saa .. 14 "49 oo11ecl-
14M .... 4 ~. • ....,.,, ,...-·i... ..... ._ &lveo. tor 
le• alrda. 
1• le • ratlKfr WG ~-·· 11, baa ~ 
~~*4 ~ ~ta of' ••~lrl .• tav1o;- and. la~ ace. in •• 
~r 1;:~~ at}&Me ·,~ 1946. p. Uol. the O,,.,·· en-
.._ 41 Call~. (.~. 1"'1• P• ffl.) atd-., .1~ 
z..at:iOft GE ~. (£eet\\ft18e 1937 •. P.· 40) .amt lodb 
Dakota ('lo·UA. 19·'2.. p.. 46) •·· 
DDtlD.l•-ant•• ot 1. -.. eac. 10. uio. 
n .-.Tllu •,-d• -.. .... , lHdl'd• t aad 
ltdlDIIIMII Oaabman., 1921· 
~,- var. kn&all t~>. 1926 
Plate·)•~ lS. 
'"' .,_,.,_, ... 11'1.-..U. D. L.•: .19'4• T- Uldv:•• Bur,. 
1eoa. teoi. •. _. .• x.v •. a. ,. m. 
-~ l>laeft-1 • ...ttora. Pfflpb..,-~ 
apw1.-.l arsd ~ l!0-49'e ..,.,!ti ...,._ at11i11'9llll• not 
111-.1.-• .,...,.. by .ad.a. Rd..a ..._ .._ ae ma • •• 
ad.611• o:"" Ute .laat two; ........ ...._ 41ft• ~el IO 
Ille sldn Qt ·~~• '*"·•· ••· rips •clee to· . .s - 111 
~• 8"'..af tl8rla' aal...a Wt~. 14,..., • ..,.. dS.a'liMI; 
well W~a: ............. MS.~ Cl~ t.he ,.. ~. 
tlUNW17 ~.,. •• 
~ et n..-.. ....... 0· ... '1 ... , 
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bel1ctdae Gal.11te111 {1957. P• 136) naov.i Ille pau 
iaU!&adtJII tN,m. t.he H.-.l'Ohelleldae ad pl.aeed lla wllh 
1RJ.S.1Y.\Sr1 eutaaa and I1P.MD1u aoa~..-o aa111-.u1. u 
ta atll>r.u,.1ouv1a1•1w ·ot tbs family lkdllllntdu. •• 
fp. 1JS) dla!Jliah.t t.b&t ltU!lE&•t• hu· •a OODUaaou 
, .. artaiag.fN8 tu tint,· ....... ad· 1-· ·~-ly .. 
clearly blMrt&1•·· a.tac 16a (U. atp.- ••atlal,le) Ute 
wtg,_. 1a .- en~· . ._ -.. -.& ee IIM:!l!!&fll 
.. tJli.11 YV• .ldl;lm (can.,,) l• no, lal~WlF Nlled• 
' 
·bla aecepe• a.uea1U•• ~.i,y btari.al -· · 
r_. ltii!HIWII • •• ueed 2161. Ia addit.toa,. °*"•• 
(194.6~ P• ll)) ~W tJtt•· ~-y u tt•tlll7 ~rial•. 
·?ha ...sect utren n.a 1*• -.,-• .i Alfa Id the 
-,.ci .. oQietly la ·Ital -~... ft• ...-. GE ,t.. 
vut•y ar. ...na.d· '8 Ille ~ .• btllq ·ltftka ~,. tee 
4Jllt;v.e• whiob _. • ~ -.i .. to '1Wi ....... ....._ the 
008tae -~ lhtt· 1)1d..eal ,.,. f4 Ute ..-1 .. an·~ 1a 
tt~1- ........ 
au-.a (1946• P• 113) .llvu '*-• oc.o.....,. ot tae 
vat.sy ia ~ of T:qlff and. la,,..... ace ta Ille G-.1~ Ceaa 
-..... eo......._ ia •t•W -.. tttobrua en..... 
,-..tioaa have Dll't . .._ ~-· 
IZIISlll•·.ualY. •I •• 14dc. Cao. lo. u11. · 
•-I• ••• kl&A&IGI 18 ••• &1 
loo&llll• o. a. t, ud V. &• loeaU&tea I and 81 1$ ta .._.. 
lOlt. 
Plate). t1..-e •• 
i!ldnd.:M. cas&l&a c~. rr1...u. a. i.. .• 1,s.. ,..._. 
IJBlv •• 1v .• lcoe. a..1., I••· Inv. u. J• 11). pl. 
10. naa. 2s.-as•. 
Iv add.1~1oaal .,...,,,, ... caataaa. ,. , •• 1946., 1. a. Gaol. 
IVY•1'• .,n~ .. P..-. 206• P·• US., 
2lUl!IU••!'•• ld.Hl'lal ~-··• ldtially aUClJI&• 
ly 'a1•arul• 'beeoadag loeeal,- b!Nftal _... "'-• ..... ...i end• 
oft.an llda,ed .,._ Sta aata1 ..... ,. dtaUno~. later e--.n 
allebtlJ' iatl.aledf ••--• 4ta11no, ............ o,u,.-. 
eualda'II wall .......... ·c1* ,......._.,_ aurt. tlne aplaeaJ 
a,erlv• on UMt· ea4 •~ a wk• with a ptil&liae Up • 
• ,.Leqth o~ fl&m'M .... lMA O.JO ••J 
DN&d:tn ot ttCQNd .,.., ... o .• JJ aa.; lllloim•• •I tl.garfd 
.,..1 ... 0.10 •• 
iilaMlta•-IUdlSDN GM&ltl Cuab,... hd· ..,. 
d!.a~iagidabiJC _,_ .._, eea IMt eu1:i,, nee&a:taed. 
The aptua 1t1a, oova •• .,.;ta .. Mft'e '8 M ~- la 
....... 1ac 11. trora atnd·lar -- c ......... , ...... --* .. . 
1• IIIEl•• ......... I• •• ,: •• C111b.... ......... ... ,
lft!ldlttiM• l• Jdll&(t Catlbfl8t1., l• ..... lal.17 111l• YGanc 
l• KM&l&I ln1' tu· ro..er _,.., .. ,.. ...... a --1 a,tae. 
l• RIUMlhM only ........ "44 , ........... , 
Ta7lor ..- ,,....._ 1946 ••• us) la '" o.i.t a..... ......... . 
lzi151.111--uat·y· ot •• lak. c., .... 1)12. 
-.•fhl• .,_,. l• oouoa al 1..uu .. Ga 
1. l• J •. '• O• T .• u. and v. 
lOS 
..... bare. 1,s. 
tdHRl•- •k&l9 .... 1J1Jsa (CaMy}. 1926 
Pl.as•,. n.,v.· 2. 
LstfSM1ll 811&5!1 f:C&rur J_. laadr • o. J.. • 19Sl. Jour •. 
,~.-ui.a. •· 2,. •· ,,u. pl. ts. nc. ,. 
lk&ta Yu~ lil&sa (c...,.J. hi...U_, •· , •• 
f-.. laiY• • ltlr. Soon. Gftol. • ilept,. fllY• 22•. p_;_ 
u,. ,,. ~1. tta. ,,. 
Fer 1'1rth•r .,.,.,., ........... ,. '•• 1946• u •. 1. Gaol. 
Svv-r • ~• ........ 206• P• 1)0. 
i&IIIIJdt••Ted elalgatt•-• ialllal ..t llnail7 roaaded, 
ceatlr tapertac. lltaer1al '*l'Clfllho'*S e~ dt•tneg. 
oltllqw. wider llula blp • .,...,1ua. alieb-~ly eonoaYe 4..a-
llU'dl -~~ dl•tla~ ••• u .... •Ucll'17 c1.,......, wall 
SIIOOlllf a,-r1·ure ...._....anal • ......ir ovate.-
• .~ •~ ts...,.. apecimen 0.)1 ••I 
uuc1ui .~ n..-.. ~-- .o.u ._ 
.Utmt&•·· llMia ,Tar• alcll:111 <caney > 
•ad•'°..._. llltlauial la*"• ad111•• Thia ellafto&artade 
ttelp,a '4 418*1.,._ 11. hofl_- Uaw.lM lllilldl a...a w1'8 
•teh lt. _,._ ~-
a• ll&Ja var_ •• ,.................. la •rau 
er_ 111n1n. 'f.,,1_. a4 laftftre ap ta Ua• Qlalt· C...- si«t-u 
(hab••• 1946• P• l.JO.Ul) ad tdle U,,..C,........ ot 
Ca1Uelr4&. (Budy• 1,,1, P• JU). .._._1• (19)7• J>• 6a) 
.tOIUld. 1- 1n t.11• PteJ'l"e· sbale ot ......_. 
1JM111t.-Uat.Y. u ,,. 1a1c. ea •• 1o. uu. 
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..... 11,idrlM Yar. a2t3• 1• nre, ct 1Ma11 .. 
P.Uy SU1paoidlntdaa 
DftD!lallJ.a.._.. U60 
Plao.e 1. tlcur• •· 
7or .,...,.,. ... Pli.uell, 1 • .1. •• 1954. ,.., Ual••• Bv. 
&eon. 0..1.... a.pl. Ia.-. 12• P• UO •. 
!he :apel'taral eb&rael.•taJl.tu ,ot the· atagla a,eetaen 
ret'efftld ,. tnl• ...,, •• ~ 1* ll&U7 ~•*'·• The 
laa1l ebatlMr baa IMMta dla&orled eaulq tile apart..- te lM 
-· _1, .. --· ....... ...,..-... be• 
nanow. elU,U.oal opeldng wl.'11 the 1oag . .S.a aoraal to li1fl 
ala or· th• cee•. •• lbe .,,_. 
Catlb ... (1946,. P• 131-Ua) n,orta Ulla 8PIC1•• troa 
th• lu"1a ....,. ot T.aaa. r..t:lffle (19)7. P• -•~) ad 
Bolin ( l9S2. P;• 4f•'8l b.aYe HGeldef the a,ect•· .tr.• tJte 
11~• t.na'ltfln ~ 1.....- and Sotaa Dakota rea,acret••ly • 
• ~ ot tlpr9d -,.e:t.. o.n •• , 
_..,_. dla.der ot ~ .,..taea 0.1s-. 
b.llll.lf••latY• OZ I. Dall. Ca•• lo. 1l14• 
•• Tbe: .,..s.a Nttel'Nd to t• llll&l&tM 
E6UIUSal1.lcl -.._ 1'60_ 
na-. .,. n......, 10. 
,.,... ,n....ii.. a. , ••. 1954.. Tw 
Utd.••• a.. &eoa. a.ti •• lapt.. Inv. 21., P• 1IO• pl. 
1,. t1g. 6. 
For bartber.,..,., ... Cubaaa. ,. "-• 1946. u. s •. a.1. 
lurrer. Prvt'. ,_.,.. 206• p. ll2. 
Ou .,.elaea wu W4CJIM• • th.ta 8JMlfd•• The 
...,1meo n0111 a i... ldaerl&l ._..t or ~-
thn_..,. aad la .Up.iy "4•t,ei .,_ tu. aau. •• 
~ 1.: ~ • ....n,· ............. IJlt)h a •1t&tJ•,. 0-llp. .. ... , .... , ........ 1 I.GOia ,..,. lie 
eJaw17 NU on ou stu et "1e ..... _.. taN. 
the ezi-a-t. ,ot tbe, ....._ -) ti\ta 
flPlC£ee '"" Gtarl!ltllDI a&l&a Hoft'ow• asa ta ..,. 
•1-~ly lll..sal. tllmll•III 1B1&rd1a. ~• la •n 
alead8r ad bu a .,...,... wlob la ~ uo•• ~- belw. 
l• to anatlJ" Nair!~• ta raace ta T-... 
Sllft tt bas. been; toad la nn._ ot Taylor qe.. ~. 
Ike .,.., •• •bQ elao IINn .._l'Ud la the· IIPNE"" ·pan ·ot Ike· 
a ........ el Daropa. tr.be lellia ctbal-• et norta. • ta• 
Men4ea lbal•• ~--. or M.estoo <~. 1946. P• U2J •. 
........... or ~·- _.,..._ e.s, •·• 
~ ot fl&urN ......... 0.14-. 
amam-·Uat• • .r •· .... ea.. , •• u15. 
•-.t• wae tomut •• loaa11•y T. 
\11118Yti&I K....allen aad larlaad• 1910 
. m1•a1&1 GMUrJ.a tCtmb•••> •. 1n> 
Plde )• n...,. U. 
r1taa11ren&l1 RUlllil~• OUbllan. ao11a. 1. , •• 19sa •. s. 
DK. ~• S••J'• ltep&. i.a.. 70• p. '°• pl. )• 
:1~ l). 
ti~~ ... maUl&a Cusnui~ ,r1a..i1. n. 1r. •• 19;4 •. , ... 
lm.i, •• ~l~. Icon. 0.01 •• iept. lm. 22. P• 120.,. pl. 
1,. fig. lL. 
For ~-~ aoe: Ouahmao. J. A.. 1946, G. s. o.1. 
3~ • hot• .. Paper 206,. P• 1)4. 
11-.e&•··'•' •la~~"·;•· ln1"14llY' bue•1a1. m:d.· 
serial .tor ~ ot t..w ~I ~ dla~t~. ine~ 
~ormly la 1-stb. tiMl c~ • t.o tnd.oe ae wUe • 
Mp; 8lfl·m-ea dlstlnot. u,r:11Ndf wall 911Q01}bJ ~ure 
..S.-ellil*laal• on. lie eppe:r alde oE the~ obaeber. 
IIUIEMM\;l•~b of'~· apectmm 0.,1 ••I 
u-.t.er o.t ~ •PN1- o.u •• 
:Al!ltadtfa•••~ ~· thta apaclea 1~ tr.e geaus 
.illi•WAUA t.a· •••• .wl.· 1w1Atl1 diacwmod ttr.·· h'S.•-11 
(1954. P• 1;1). !he wit..- ai.. aea•pta the aaal_.t Md 
reeera tile nad.w 1o. s-.t ato~ f.l9S2Ae ·p. 61 'llbo dlacuaea 
t.he vaUdit-7 ot' NJ·eCliDI '-''la ,.. ct the pm.w· ~
ror £oma that-.,.. 1rdtlal1:, b!arlal uic. Hl&IIIWtlJI 
pae'llll• (C ..... ). 
?ht• .,.et.ea ditfera f'N* \.. . nlltat. c,:mbnaa 
la ~11.;7 ot ·UMt ltdClal Gb811ben. OYenll aapa.aa4 Ill• 
1~ ot tbe t1aal -. ... n. I• !RM· baa a ~~ '°· 
wtdtb ratio ot the lat. oba,abut· or ;11 to· 411 (o--.a. 1946. 
P• 133). ~ the - ~to tori• ·BllidDiM 1• leN 
t..bao 211. Cbaractmna•s.ca11,-. l• ••layer, e1entter. 
aligbt.11 curved mad 1RC9P th8l\ .. CD1&11r3M• 
·Re.f:•~ co tbia spacS.ea .rro. .... ot 1...-1n and 
r 
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·Taylor age 1.a tJle Gtllt c....o atag• cld t.be llowara .toraa-
t:loa of' haeu &&Te: lMa aade. In .... Baltola. lbe •PIC1• 
halJ lHJea ..,...._. tro.. "9 llobnn. t~ b1 lltlia (19'2• 
P• 50-Sl). 
bJalm.-t1atv. 14···· ··Dt*. c ...... u1, .• 
• -!td.a apaol• wu rare. a io..1.tuea Y 
1wm1111·11 ..,.,. 1494 
l!iiiftlalll ..,.,. 1194• so.l. loo. Load•• "'°°•• P• 649., 
[ttae 11t...i.1., n. L •• 19S4• l"exae· lid.•·•• Bv. 1eoa. 
hol.-. ~. InY. la• P• lJl] • 
Ia 19S2 .hat.....ic (19'21 .• P• ,6-lJ+J tbuolllbl7 418• 
ouaaetA Ille ....... ~- ne~ to· &li!lflla1£t1 lllan3' 1pp1r 
a~ .....-iea t1ta• w pNvtoualy Nea Nt.t...,.. to 
IJ,.~. ., lb&f., .u. Sl&labr.ook ....... -- ., 
a,.,._. oy .11a1ay (1947)., la·~ :I& WU ftCOIIII..._. 11&&, 
the valU -- .a,.-\k.O.,., repl&oe Udlilna~···· 
a a,-n,a ot .. lUJaM•till• a.tatorlk .later (1,saa. P• 9) 
called. attleaUon \e 11alay'• papttr and• alated ·9\b.e. •llJOd 
toreo••• ._. n&lu!alll11t,pw. la94. 1a ...u• at.t ao.u 
Nttlaee lJolh.llllllllGlldl and.ltdt•K&M•• 
PlaM )• ftpn 2t. 
IW.lltlltd111£11 ·m111 eu111111111. rn...u. 1. ·'•• 19'4 .•. 
Tuaa lat••• Bw. loon .... 1 •• lept-. In. 11. P• w. 
,i. u. tic• 19. 
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Por n..rtJ\er .,_,.,., ... CUhaaa• l. '·• 1946. u. s. It.to!. 
,._...,.Prof.~ 206• P.• US. 
i&lc•ll••Tut •817 .i.._-.. ap!oulaHI eb.•ban 
dl.U.. htsher t.bu wl:d• ~-. iMaoomd111 . ....i. 
t1aq . ... l\lp ...... ...., tae &partval ... , ...... ,, .. 
~taelr. VlH'7 aliallU,, ........... l1al\Ml.h,t W&1l ..... . 
.,.-t,ve ut ,...._.,... ta ..,-· d ·tJ.e .,..1 ..... . 
-~ .c,t flat&n4 .... , .. 1.,0 ••• 
•~ ~ rs...-.. apeo:t·•• ·o.a, -. 
•• ,....... _.., .......... Mtbillaalt)lt 
tll&Ut Caebaaa .-. Ao& ~I -1:, ou - ~ ha8a1 
•pt••• !be ...,_. an var, •loaaa••• Vida ..._ to 
dl.-1ap1a ~. 8pM1es .tro11 lbrzall&l&s IEID.Y (Pl,1•1er>. 
arJd IM· pNUllft or a ....i aptne .u.uaw ·~ w1&b 
.Ia '11• 8.u 0..- IR&t.u i• tll6'1 ••- 10 lie 
ft81riOMKI W 811'&14 .t' ,.,.. ...... I'O .~ la -· a 
comDftl.7 o.oe~ ..-, .. ta ~ lfioltrara _. Plflft'll l••· 
,, ..... ,, .......... ~.~~---
.toraauou ta th• ......... ~"-
i.\m&m.•faiY,. ot I., late. Cati. lo. 1317• 
•-I• ll&&&f waa ftMmd •• looaJi'1u •• '• 
s. adv. i, la ..... 
Plah J.·n..-. 12. 
rv .,....,.,- ... e.-.... , • .1... 1946. u. a .... 1. Siar•.,.,• 
Pftkt. )!aper ••••• u,. 
., 
111 
~-··T•• •~• ~1 at.ratalit. aoae--
uaa alipt1y U'O&leJ ~• nmerou. aboa etght. 1e 
t.• ta ta• adat.t.. talU.all1 ...._" ~. thea bftooalng 
bell..anapadf nlOftNI dtsunc,~. Umbace,. ~Y • ._. .... 
ta ~ lat.er po~t•• Gt t.be ·teat.I well ~ 1d:tb 
~t • . :tae aplaea ••~ ·beeome flOft. ~lathe 18hr 
,oftt.oa or ttJ.a ._, .,..... ~. 14th a Up. 
M ••~ ot 4 ..... -apectaetl o .• 68: ••I 
41aaete:r er n.,....,.,.. ..... 0.09 •• 
RIM•&••~ lo CWmm (19188 , •. 1,,.7) the 
nrtet.r baa spiaaa eev..tng IJle. ea1lre av.r .... or Iba later 
~-·· llhlle tb• •nt•al tOftl -..1:, hall a Mn1 or ..... 
~ th• ·bue ot t-he ~. !:he a~ 111 \he eoi. 
lectt,loa are. U:SUailf ver, -,taon:. co~ a rer. troa whleh 
the a,tna ban pro:Mbly IMft NIIOved dartac toaei.ltat.ien 
er ,..,_..,1on: ~ .. •••• 
CuahUQ 91al:ee t~ ttut Yarlflt.F OCOUJW• ta Ute 
Aftadelpbia ...-1 et AUU. age la~ and bl U. Oelon 
abala or Collllllda. l•tlller i't aor ••• ,yp1ea1 . ton ha¥e a.-
re,.ned. fl'OII tae llobnra ff :pt..-. tonaeloa in ~h• ~en 
..... 1 .... 
liallm•-U.S.v·. of' I. Bak. Cat.. l'lo. 1318 • 
• -Aa loealltiea fl,. J• '• L• •• I• 0-,, P, a •. 
1. and t ·th• 'ftlri.sty ta ooamon. 4t locali.u .. Q• ti. and Y 
'" 1a ...... 
1*1&1MS11181111IM· '.S11vuu.1., ·1900 
fJll&lltlrdG4aliM ~P• 
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Plale le til'lft 13. 
:Utm!&l••Tflft abort• haUon. 1a1,u1 ea4 ~-. 
wilil a aban ••• a,-.IW&l ..s t.~l:r ,,ou•s ._... 
t• na1w... at.toul ft••• i... .. _... .,cane ., ftOI& oae-
lMalf 1dle·. 1-gl!l ot che, IUt.J ••tarea tlualn ld.UI tile ..,_., 
wall aaoothl ....... ~ .• elllpt\leal ...... wtlb 
.... u . ..,. 
it!. ; 1 • _? :s .. : ... -~ t •. · .~ •t r~ .,..iatea o.aa ••I 
,1w._.. •t tsl'll'N .,..,.,.. o.u -. 
Dltl111&•-or. .,..1a .. u.-U1et1 u··. tl.Ulaa-
slaadtlliaa .,. ta ao, vall P"•l!'flld• ..,..l&UJ' aaar ·Ille 
,aperl-.1 eld• Th•. :apal'IV-e appeus. \0 l)e U, .uJJ,..-.tcal 
opealaa.. ao ,, • ..-iau ie ..-.iontlltlT ntel'ffd ,o t.ae 
pan lf1&·1M111181i&M• 
I• 1• fl'Ollabltt tbalt ,._ .,_.1_. ~ M Nt-.ed to 
·...S,h, , .. ,.. .............. , ...w h --- lt , ....... 
a1ag1e. --~ aputaa. 
ltzllSDl••iJaf.,.-. .,4 •• ·lair. CU,. ••• 1)19. 
------tllJt•dlltlU• ...... teaad ---~~· 
Pallll,' a.lll1ll:dae 
IDJdllM d'~• 1826 
IUl&flll, - , ..... J. 18Jl 
.. 
Pllde ). r,...._ 24:• 29-)0. 
blaWIM llr.udltll (HA•>· ,.. •• u. r>. , •• 19'4. T-
. . ·-, 
11) 
Jc17 •• Bur. aeon. 3eo1 •• lept. Iav. 22. p. 12;. _pl. 
u, tie.)?. 
For tvt.her ~ ... Caban. J. A.• 1946 .• u. s. Geol. 
SurYey. Pror. Pa,-r *• P• 140. 
Cwamaa (1946. p. 140) deaori.bed '1tia .,.ct•• as 
tollowe: 
T.- ttroellold• Jlaaooo.Dl'ea• denal 8ldei tlat..• 
tAlfted· or .,,.. •ltp•J:J· eoaca:,!:n . Yeaual ••• nb• 
conical wlUt tbe Gllbi. le.al ..... oa opea. peripb..,-
vltb • d1at4acl anal• •• Ille · .. Ml edpt. cbail&Mtn 
tdrly dlat.lnct;,.. ot nt.llv ..S.ti .. om ebapt• la.,..._ 
tng Yery.alwl.r ta•• u -added. ual.1y..,.. • 
111 tb• adult; Wborl.·latla•ed vary allgbt1J t.r at. 
all.I . ••_.... . .· .Fairly dl.U. not, .. • .... lipt.lJ' ~:. 
nearl7 r&dlal oa bot.ft va•nu. and donal ndea; 
wall SIIGO\bl &pert_.. bet.wen tibe .perlpher,' Md 
1Dbll1cu on tbe ffllar.1 e14•• low. 
'I ... ;,,...-.r ot tia,arad speoiman 0.29 •·; 
b•tlbt or figured apedaeo o.a, aa. 
L'!llSMl&Rl• .. Tb• apee1aeae o,t thia ,,..ctu in thie 
co11ect1oa are ffl"Y -,11' dHcribed &hove. HOW8¥flr, ~be 
apeolaeaa ot th1•. co11..-1oa do not. appear ,o be u deeply 
t.llllrlltcati• ae t.ne a,ectaene or \;be apeotea r, ...... by 
Cuatmtan (1946. pl. "• rte. 9). ·th~ dorsal edge ,;tE the 
apactraeu ot ~• collect.1oa 111. d1s~iact1:, angled• and tba~ 
~~· . 
eharac•ert•Ue W&fl Ued IO advaasace la seperatJ.rc apecilleu 
or Vd.a aped•• troa taoae 0£ izm&i&a. lltiell ( . .....,). 
lo nooftl or thi• •pea. .. la 1mown_troa bad• ot taa 
app.r Cret.aceou ta the aorcb.,. m.dconl11M11Qt,. In I.be tJult 
·Coast, at.al•• tu apeol• ha• bNG recorded ~- be4a ot 
4ut1a. Taylo•• and !fan.rro a&e• 
~~jX19t;:t11-•-aatv. ot I. Dalt. Cat. lo. 1)20. 1 
r 
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2CS!rtlMl•-Th• apectea 1s eormo.a at local1e1ea A 
krl&GM 11m11 (a.....,J,, .1142 
Pl.aw). rtaana 2s-21. 
ttrt&SA.1 d·S!!!!a Utapaow). Pr! ... 11. o. L •• 19'4. Tau 
Ualv •• lhlr. loon. Gaol •• ...,_. laY. 22. P• 124., pl. 1,. flg. J,O. 
For f'~her .., •• ,., ... C•tma•• .J. &. • 194'. 'ti. a. Gettl. 
Svv•Y• ho:t. P•per *• P• 140. 
PYll.ltlll•·T•e• ~td, ~1eoavu. ••....i eiN 
td..lhl:r ooavu llltb • aa11. deep WlbtUeu,. 4oraa1 ald• leH 
ocmYUI ptrip\ter, broadly romtded .• lolnl1aleJ • ..._ .. Ut.taU:, 
au la the adal~ waorl. tana,..a, eatvea depnued. •• the 
va1ral aide radial. ,pnt;ly cllr98d. oa 'lh• do:raal aide.,.._ 
what tupat.1&1 tlf UJe apiral .-... on tile imaer·t'1lor1a 
and tbe periphery on tile °'*•r "1hoPlt waU -111 ---~. 
ttnely pertOMMI apert,,ve .1 .. , •• at the 'fl .... ~ the, last 
chamber oa Ille Tentral std•• wt~ • alicht. Up. 
1M•IEESD\1•..»1auaer· 0£ t~·Qee1'Nn o.26 ••I 
,111e.aau. of tlpred .,..111a 0.22 -· 
ilHIIIIS•-lmtWII ll!lml (a....-) ta atallar· t.o 
9znlfl&M Slltf&I (a.u.). ldd,oh _. beea NCONM fNll lhe 
It.obs-an tona~ton by Mcnew (19'4. P• 191). Loe&ttale, (19)7. 
P• 42). &ad· Bolla (lt,2. P• SJ). ~au.ea et tile"'° 
epffiM ud polooc oe~e allow Iha ~• N dtaf;lepi-ttb• 
a'Ol•• a ... ver. Tbe apeo!Mu oL !• dtlitN-111 We ool.-
1.-1oa an lal'gep ~ !• lf,SUI ue _.. .raui,- eoutat.n 
11S 
ill th• G\11198r ot ot.lulben ot ~• laat. whorl wit.a au. llbereu 
MGITOW, Loettvle aJl4 Bolla gtve the nUIIIMr •t ~a o~ 
the laat waorl or i• a&l-&a u tour to ala. u.o. c..._ 
(1946. P• 140) ao&es tllat ,be tut ldlorl of i• lltnll vartea 
in poalt.ioa .-.ia,1" ·t.o \lie iftller Whorl.a. Tba epecS...- ol 
tile coll•otrioa 8bow lbl• Yariattion •••UC some.,.., ... '° 
appear vea,rally aon toaYU and _.,.ucate 1*u ••ere• 
.i• cifall hae an Mftft N:perl,ed hoa tile llo'bran 
toflU.tion. l:n1t, *""*• Lottli-•1• 814 a.lta baTe t'omd i• 
dtr&u 10 be fairly wU "8WlcW to lb• '°"' e.,. ...,., 
ot the 11obnra r..auon. Ia ·,:;be Ptene anl• ot Belarulta 
both i• ck!Ual and . .Q. R&SUl:llan -..a toad bf· Dietrich 
(19S1). b• .tnta ltae •~us ot Ute· ·Qult c..- CllWUUln (1946. 
P• 14D) sbowa !• cle!W to be dlaraoaertaCtlc ot .... ••n'4 
ot Ta,·lor ace. ad 1 ... eo of U&•· .,... or la'I• laat,la age 
aad early· laYaft"O age. 
UDfdlll••Uatv:. ot •• ... ea~. ... 1)11 •. 
0SS!M!D9S!••ln tbte •• i• dlBII waa .totad to" 
abundant. u locaU'llaa A Md i. 
1,ace1a -. ... 1,36 
lltllH&&I •r.&SIII Clllmllan and. Doney. 1940 
Plan ,. n..-. 21-0. 
~l1al!ti11 MIOHM. , ....... aaa Do...,,. 1n ... u. o •. L •• 
19'4, Texu uatv •• 111r. 1ema. ~ •• a.p11. Iav. u. 
P• 121.• pl. 19. ttc. $. 
Por tarthar s,aoa,-y ... CasbtllUl• J. 4 •• 1946, u. s. Geelo 
SU!'Yey • ho~• Pa,er 2G'S• P• 14J, • 
. 
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~m&t••?'ut, planocoa••• donal 814•· tlar.g..s 
t.o all&b~l1 conca••• ventnl aide conYG. tdlh aa abo oz 
coaraely perforate aball-•Hrlal• periph_.,, .... e.llNe 
aligately lob111&'1•• wttb a ... 11. tlup-~•. aena11, 
cllNoled kefill ~ tadteUIIOtr denallf ta Ute lml_. 
lfbGrla• d1,ai&1aOI v•t.ftlly • _.... ala ta tdltt tlAal w.borlf 
nluna on tJi• denal dde 1adia\1-'• eao•I* ••• ot ·'*• 
lut,. 1*0rl Vhleh are •li&hUY CIIN'ed. nd•ed· ..... ,.,a1. 
"1to•• 0£ t-be ftllllral SS.de u•••••• ~'•• ot el.ear Rell 
••erial-• aeul:, ftdtalf wall ~ ,.rtora1•1 .,_._.. 
ttlengata. at UNI 'baae of'••• .tba1 cbaab•• ea the ~ral 
aide. 
IMIKIMdl••Diamet.v ~ ft.cund epee:lmea 0 • .38 ••I 
~htotcaeaa or ft;pred spee1...a 0.20 •• 
a&!QMl&ll••'fht.a .,.., .. ta ••ller tbaa s1111&•ia 
po•••••• aa waltllieal area et clear ahell .... r1a1 •. wherea.• 
1•· IMIMM l\aa a ._.tb tab1Ueal area. 
l• .• DaM Mfl . ._ l'tMONed (C118b._• 1946. p. 
142) ta at.nla ~ Taylor and lavatTO actt 1D ,be ,f.kllr Coan 
aca1... l'h• wt.la .·now •t ao ..,_.... .. ao 11 f,os lil4I 
·Upper ere,aoeou ot Ille ~"' -1ddeoa,1aea~. 
ialiRl4M -r...-.. lSSJ 
M1,-&11 •• 11111. 194a 
117 
Plaae )• t!CVN 1'-19. 
(MD Du.). Bandy. o. L •• 19S1• 
Joar. PaleolllOlogy. v. 2s. P• 507, pl. 7Z.,. tsc. ). 
,,,,_ ~-• .,._.,_,.., .... 1rls..U. n. t.. 19.54. texaa Uatv •• 
a... loon. 1tto1 •• le~. lav. 22• P• u,. 
Dltatl.ll•··r.- ...,.1y 01..,a1ar. ttieea••• ••WU 
etu ~ oenYa •bu donall Pffl.l*•PY' _.Ugboly leblllat• 
Wllb • th!.._.. k•ll ca.._.. dtau.-. iHftJulrag arad ... 
ally in••••• addedt .._... dta~c,,. UalNl~•• fiuh 
willl the .. ran ea ltnll IWRlftll,... donal dfl•S radla•• 
- a&fti&ht~ helq wltli itile ual,o· oa lhe •ealral 814•1 .w.1.-. 
aUpt.17 CVYttd ~- Ila• doraal aldecJ wall b7allu• tlaely 
,-.torate; apen,are. a . ...,. all• along llae .... o~ tae lul. 
formed cb.611.bv oa ~lie ..-ral •lot aao .... 17 &plJR-.. •• 
sllfle aloq I.be pertpberal IIOll• 0£ In·• ob_..n • ••• 
Y411ltftll aide. 
. .. o,__.., or 11.-,.tt .,.., ... o.,, ••I 
lhlcaeaa o~ tl...,S .,.cd..DIIII 0.1.7 •• 
Ol•euatoa ... ta 1948 Bro\\Nll erected Ille 1eau.a 
IUIIDdlM tor a,eot•• 1*lob •• ~a.\tgbt po ... aaed 4tttaftlll, 
apeiwtaral c~••t•• ~ ~- ..... ,.. ot 11&159.l&a• 
T• n.. (1949. P• 2)2) t•b 1aa•. lro&ua ac1ed P••-•itllNly la 
•ree~Ull ~ 1eau ·1111111118 • -...~.._ (19)5) llbo •x•ta-
ed "• T....- eo11.-1oa d UU., frault, ooaoladed ·tJlal 
1*e &pert..., wre.1*d17 ~ ud •wnU1 ,_...,1••• 
t.ypea, wt ,..-.1eularl71aa• et lrt&IIWIB,£MPlll&I en 
eant\111y ....-lld1ed. 1t .. ..,. ba......_ M) ene• • •• ..,.. •• 
r 
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!J!!Ml&H IIIASDlKM t.a Daa !1u lleea. ~ 
trom. the Pierre ahal• ~ lebrUk& ,T. Lcwt~•rle ( l9J7 • p. 52). 
Ovabaan (1946. P• l4l_l. gives IPlllel"OU: -occvreaeea 1rt beda oE 
Taylor -ind 'la~- ap ta t.he CUlt' Coast .,.,. ... 
~·iXM!tlll•···Uld..Y. o£- 1. let. eat. • .-.. 1333. 
O&flEC&U••IA Ul• ··- epeclatme .r the epeetea 
were towut to be~; d 1ooal1\1H Ac &nd I ad &btDlant and 
.tairl7 •ll pPeMrYad at. localllT 111. 
l'amlly Gtil~ll1dae 
biln&1 Parker and Jow. 1162 
f!U,tp&, ed:t• C1*1bma. 19)6 
na~. ,. n..-- 16-11. 
tsJ.lu&I tadURI Ctlllblwl. P'rlanll• Jl. t._ 19'4, Tezaa 
Univ •• Iv.~. Qeol •• lapl. la•• 22• P• 126• 
· pl.. 1,. n.c. n. 
Fer lureher ~:, aee o-. J. '••· 1946. u. s. -cteol. 
3urve,• Pn~. Paper· !OS• P• 146. 
nMaat&!••Teat. plarda,t.nl. 1.a•l.•••• .UCi'&Ur 
umbtUcate: partpbery •111&hlly lot.Glate: c.ballben dlat;:taet. 
~igbt.ly 1Dfl&t,ed• aac,ut. ;ti.ft to MYea ia the -.ltlll wborl,I 
Stmurea diatlaei:. 4.epna .. d. H9811bat. c.-vu1 wall amootn. 
fiMly ,...ta,~&•• apwt.lU'fl a low arched o,..S.ag at,~- base 
or tb• laat c~. ext.aad1aa low.rd tb•· lBbiliou • elUler 
..... 
.~Dlaflder ot f'igWNICI speeiaea 0.2, ••1 
thicimesa or t~ -,.cillM o.ia ma. 
PIE•&SA•-l• llldau •• reported tna tme ,s..,. 
. 
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ahale o~ le~ by Mdrlch (19Sl). A apec1•• Id.lb wb1.oh 
1~ •r JMHNi1Jl7 N eoahuled .• ls .D!&ISI untll& lblt•• 
vb.ich bu •• recordM fNll ••• PiA!Te ab.ale ot lebrutta and. 
-Sou.ta Dakota by toeturl• (19J1. p·. 6)). f• 11£Dlli ta wb 
..,,. globular 1*D l• atd.SUA- beRver. bllta&& .·K.Glfa 
C**aaa• a apaot .. aon cloeely ..._llliag l• l!IIE&SIM \haa. 
eve .t• anew. dltteN r... l• mc,sm ln •• ._ r .... 
and. 1 ... tana,.s ohalllNN. a leaser ~ ,-1p1a.,. • 
... oaly •ltda·t.lr .............. ,. z. m•• ta alae· 
ll1lOb bi'oadff ta ptri.phenl. rlw ~ 1• .t• •n-( Cuh•••· 1946. p .•. 147). 
c,,._a t1946. , .• 146) reeerd9 t• IIIEI-- rroa. w. 
ot 1.'a:,lor ad •••arro. age ta Texaa., ,....._ •• ud Arkanau.; 
Taylor as• 1a Mlaa1u1:ppif ad l&varro age ta Uabrula. 
IZIISDf••OalY.~ ltd. I. Dale. Cat.. Hct. 1)24 • 
• ~la tbt•: at,ad7 f• RIQUIIWU toad la 
•llllPle• troa. ••'ffll locellU••• be!JtC ~ la oecvn._ •• 
loeaU~y I .and r&l"e at. locallt4• l (a a1agle apec1llea vu 
teuad ed a ....... l7·loe1). L. o. Q• t:. amW. 
,..u,. lae&adal-a• 
PJ.11111)'81 t.e.blioa Md Tappva. 1946 
fltl.!1161:11· MMD. (llilNberc). 1SS4 
,1-. l. tl&llft 20. 
Gi1Mltdnll1. _,. (lllnabera). , .... 4. w •• 1947., Jew. 
Paleonnloc,. "'• u.. P• 331. pl • .s. n.a. ,. 
iiltliaGM&lt M»1£1 (la~). loll•• s. J •• 19S2• I. 
Dak. Geol. sw,,-,. lepl·. Inv. 10. P·• ''• pl. 4-. 
. 
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Por lsr\bv .,.,...,..,, ... laady• o. t •• 19;1. J'ov. Pal....,_ 
ti.Oloe,. •· zs. ,. soe. 
D&tARl1.,l•·Te- planiapinllr eo1led. 1a ta• adult.. 
bimdt1.l1cal•• a.chill- lead1te &e- beocr• alip1»l7 evol•••a 
~ clolJu.11.•• la~ lftduallr la en aa add..S .• 
typiM.U7 eta ta Iba ttn&1 lidlorl ot lh• adw.&J _._... 
41a~1ut, aeprund. 8'ftlebt •.. :radlall wall htlipi:<11 apel'tllM 
a large,, uotaed epulag &t. tl\e. lta8e ot tae, tlnel -... ... 
at-41.~ back •• leact,t,. or t.:u ft.aa1 ea&llb•r oa \Jo\lh sl«•• 
"1th a diattllad Up. 
~ .~er et n..gtlftd a,eetMa o.ao ••I 
thtckneH ot ~ .,..1,... 0.1:, ma. 
il.lSJlltlll•·ftl• speol••• ,rewtouly rat• ..... '° 
i&a&adM6il lly ... tlGl'bff. 81lolWA lie rder.Nld Mt 
f!llUll.&M• IDU1 .al fl• (19'7. P• 291 conatctv fltllati· 
DtiH a Jwtor 9J110a,a cd bll&&IGII• wbleh 1• oalr tmoa 
hoe. ~• !ertl&TY• The apes-t...-.1 ~•to• _plain11 
ebov· that thl.a uell 1m01fa apeel•• abot.tld be tacl.Sed in Sb• · 
P8\1S t1aat11l&B• 
J!limaJ,&N 1111£1. (lb~) bu tteea .treqaen&17 
~-- troa Upper c.,.-. .... draa of u.e IIC'lrt.Nfti mld• 
0011t1aent. IGae rec.- rtte...ao•• "o ti- .tl'OS·'3d.• _.. 
laoltade Bolla {1952• P• S5) fna the 11obnn toN&t.lcm of 
lo1alb ;lakol&J Loni.rle (1937 • .P• 4S) .tftll the Mot,,_.. 
tONat.1on ot sanau. lebftlaka. ad lollUl a.ao1i.a1 Mnrleb 
Cl9Sl) tram tile Pl.em etlale ot' leltraakat and saua.a (1947. P• 
1.21 
Jll ~ )l7) tP01J1 tae Lea J>en abale o~ ilbe-.ta. CMada. Ia 
additi® ludy {19J1. P• scat-SO,) reporeeet 11 t,.. ,he Upper 
Creuceou of' Calitontla • 
.t&msm•-hi•· o1' ·•· Date. ea•. ao. uzs. 
Occ~••··Tbls .,.. ...... abwldant. al 1...UU• 
s. I• 4ftd O aad •••• at: locta1l1t• '• 1 .• l• "• '• L. •• P. 
q. i,. a., t. r.1. ,. w. z. ca., .,. 11. 
r-11,. G.lolleftt4llitae 
tlalltlt!ia&i\11 Bror.,... 1942 
ikllmbl&lll ll&bli_la&• I ••o.ld&D,-l. 1'40 
,iate >. tlCUftMI )0-)2. 
lltklmlll7'1ill !dsti1U11111 <••cl'b:1p7J. c-.Afleil. ,. , •• 
194'. Fol'Utialt••• tbelr elaMt.r1..-loo amt .....S.o 
uea Caabftdp• ·-.. •• I~ Valv. Prue• pl. )5, 
flg. 1,. 
011amM+&aa1. u!IIIUa\el c d•Wca:r >. Bo11.tt. 1. J •• 
l9S2• S. ltak. Qeol. s-....,-. lept. IP. 10• P• .st. 
pl. ,.., tl,1. 7 • 
Per ~urt.ttv •)'IIC'dlJIIY .... C-• J • A., 19'-6• I. I. a.al. 
SUl'Ta,• h'o~ ....... I06• P• 1S2. 
Q&llaV.fil•·h•O p1-noooana. 4oraal tdde tia,. 
Y&\l'U aide COQflta• w.1.1.A Ul Ullbili0-'18• pn'tph-,. slip~~ 
lobQ.laea. ldta. a ,t11a teelJ ~ du~s..-. as or •"*' 
1n L"l• lut. whorl.a smuru dl-8'tao•• tl118b Id.lb Che ftl'facet. 
alleh1l1 l_iabate,. •lllb:til7 car,ed. donall7 ....._U&ll all 
aaoo~. tlnel1 pc-tora••J .,.,c_.. •lonca-.. at. •• N.M ot 
tae r1aa1 -~ .. ·11Mt Yeatnl ata • 
. 
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~!Ai\ltlltl\l••DlWk:F ·Of E1p:r'ed .,.CiilG 0.Sl ea.; 
thtckneea ct t1121Nd apeolua o.JS •· 
l\lSB!l&ll•~11t1&£!$Jll&l!tl micballalau. (a•orotcay) 
may be dlat.iapiabed trGm· @)o!aSrf51llltt! aft&l\am 
(:to.1r~·1•> b1 ,._ ,....,, .. o£ ~" ot ta• ttul worl. i• 
l&stltl&Raa u-11:r llU ... , atx or .. ,,... wbtl• i• 
RiJAMiM baa about- •!.lb• or ldae ~· lo J.oa••el• 
ll9J7. P• 4)). 
l• &Ull!MlkPl,Aaa ffU reported troa 8'rala or 
luatu .and Tqlor· ace ta Ill• .Glllt ~ st&~u. Bolla ( 19s2. 
P• S9) reported lt ~ ta• lctebnra torm&"oa of So\&b 
Dakota. D1et.rteb. (19Sl) repo~lld 1,. hoc the 1...- Plerre 
abale or K•braeta. 
!tmal'lll•·Udv. Gt' 1. Oak. Cat. lo. 1J26. 
9suta•·-tu• .speo!u wu cowc ., looalille• Q. 
v. L"-d ~,. and- NII'• •" 1ocaus.1ea P. a. aa4 u. 
AA1· OD ISCUS CR!.:T~ .. :;.:,,;ws 
BATHYSIPHON V1TTA 
- --
BA'IHYS1FHON N. SP . A 
B,\THY::ilPHON ••• SP. B 
?~'lliYSl.1."11.0N SF . C 
BOLIVINO!DE:S D~CORA'ItTS V ;..R . UTI'ICEUS 
BOLIVINOPSIS ROSULA 
BOLTh IN.A ASPERA 
?CHRYSALOGO:UUlv' exn:n™ 
Cl1 RYSALOGOKTITh' CF • .., . G~TI 
C I'ffiAR1N/, l.'.UL 1'ICOSTATA 
CLAVt.TLI~OI~E3 r~srm.~s 
DA!'ITALINA ACUL3ATA 
D J!.ND\.L IN A BA3IPLANA Tl, 
:).!!:.NTALINA CF. D. B/,,51 'ro He:' A 




D!.WTALINA Cl" . :) . W.EG.~OPOLI TANA 
DENTAL!NA Cl . D. NIOBRARmSI S -
DSNTALINA .'lIYAN! 
00 00'1!: I A PUPO ID ES 
?i!ll.IPSOGI..ANIHJL!NA SP. 
ELLIPSOIDELLA GRACI LL IMA 
i1:1'C,S0llNIA O RBI GNYAJ;A 
!WUYIGERIN.A G~CILI~ 
EPISTOl.f.INA SUPRAvRETACEA 
FROND I CUI . .A R1 A GOLDFUSS I 
GAUDRYINA NZBR.ASCENSIS 
GJ.UDRYINA :tuGOSA 
GLO.B0rt0TOLII'K3 .i\ rcm~LI~IANA 
GLOl,'.OxI Ri\ CHARO ID~ VAR. CORON.A 
GY!i'OIDINA Gl RARDANA 
GYR01DINA GLOBOSA 
H.APLOIB.rl;G;1'.0IDES SP . 
HE Tl£ ROID..LIX PSEuDO TH:SSERA 
HET~ROH3LIX ST'clIArA 
LAGENA H.AlJTlRIVIANA S"JBSP. H . .\TJTZtUVI ANA 
LAGENA LAE."VIS VAR. STAVENSIS? 
LAG™A SP . A 
UG&-IA SP . B 
LENTICUI.I.!'!A RO'roLATA 
LOY.OSTCVm: PLA!nTh'. YA) . PI.A I TU}.~ 
WA~I\1'lTLIW1 ,\U3TINIANJ\ VA R. . ,\USTI!'JIAN;.. 
i'.\~!NULINA BULL ATA? 
t. AOOI NU"1...rn' :'t JCNESI 
' 
W..~ffi I ~1JLIN,, N ,1 V A.1HO \ NA 
Y.AOOINUL!NA S? . . r\ 
MM:«}INULI~A SP . B 
tWD03ARil\ DIST!-\.~S 
NODOSARIA P AUPERCGL..; 
NODOSJ.R!h PROB03CID:b.A 
NODOSARIA ?.IPPEI 
NOD0SAR1A SP . 
Pt:;,,os INA CO?.PLAN ATA 
'?PELOSINA .SP . 
PLANOfl,'.ALINA ASPER,\ 
PLEUROS'I'Ot/EU.A AUSTINIANA 
Pu"'UHOS'I'Ol/ ELLA SURWDOSA 
PS~UIJOF RGNDICUURIA SF . 
·" ?PSfilfDOFRONDIC'JL.ARIA SP . B 
PS.EtTUOGLANDULIN.A BI3'rmIA 
PSElJDOGLANDUL!N.A SP . 
PULLEN! A PJi iRI CAN A 
• UIN O:.Ub:LOCULI NA CF . .., • At\"!'! 4 1UA V1\'R.. A.1·WUSTA 
,.,UIN .~u.iLOCULI N'A SP . 






bTILOST011.ELL.A STETfilNSONI VAR . SPECI 0:3A 
TRILOCULINA SP . 
V!RGUI INA TEGULATA 
TABLE 1.-TABLE SHOWING THE 
1 
.10RTH v :,LI.EY 
l<' G 3 I J K L N' 0 




C C C C C C 
C C C C CC C 
R C 
RR R C C 
R 
R 
,.. R l, 
R 
C C C C C 
















C C C C 
C: C (', 
C A C C C A 
R R 
A A A C C A 










C C C C 
R 
A - C.HNJ ANT 
C - C<l.'MON 

































C C CC C 
cc C C 
R 
C C 





C C C 
R 
C R R C C 
R R C 
C C C C C C 
C AC AC C C 
R 
A CA R R 
C R R 
R 





R R R 
R R 
C R 
R R C C C C 
R R 
A C CC A A 
R 
~CURRENCE AND ABUNDANCE OF SPECIES 
~ ' Pig. RHf SJj AL§: oi ~o ~ ;, n, ;;]CO,~ l 'f 
y :, A' 
"' 
BB (._,, ~I., DD EE FF ,.(} C D E 11 /'1 R HF 
C C C C C C 
C C C 
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C C R C C C C C C C 
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NEBRA.::,'1<1\ OR SO TTR DAKOTA 
NIOBRARA PIER.1~.r 



































2 6 I 
2,6 
1 • . \PPL! ( 19 3 5 } 
2 - BJLI~ ' 1952) 
3 - CUSH1'AN (194 6) 
DIE·r?.1 1::H (l'r,51) 
5 - FR! ~Zi'.l.L (l 95lq 
6 - LOSTT'r.: RL.i:. 19 n) 
7 - :r::;;,R.!'.JHT (193?) 
GULF COAST ·r.ATES 
AU3TIN TAYLOR NAVAltRO 
., RO't.:P GROUP GROUP 
3,5 3,5 3,5 
3,5 3 
3.5 3.5 3 5 
3 5 35 
3,5 3 
3 5 3.5 




3 5 3 
3.~ ::i, fi 
5 3.5 3.5 
3.5 3.5 3 5 









3,5 3 5 3 5 
3 5 3.5 3 
3,5 3,5 
3,5 3,5 3,5 
3 5 3,5 3 











3,5 3, 5 
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